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Type 


TTul 


9000 


9001 
9002 
9003 
9004 
9005 
9006 
9007 
9008 
9009 
9016 
9020 
9021 
9022 
9601 
9622 


MSI 


9300 
9301 
9302 
9304 
9306 
9307 
9308 
9309 
9312 
9328 


Page No. 


3-33, 3-45 
3-33, 3-45 
3-33, 3-45 
3-33, 3-45 
3-33, 3-45 
3-33, 3-45 
3-33, 3-45 
3-33, 3-45 
3-33, 3-45 
3-33, 3-45 
3-53 

3-45, 3-55 
3-45 

3-59 
3-111 
3-114a 


3-81 
3-87 
3-45 
3-92 
3-97a 
3-98 
3-103 
3-107 
3-110a 
3-110g 


3-1 


3-5, 3-45, 
3-115 

3-5, 3-45 
3-5, 3-21, 
3-45, 3-115 
3-5, 3-25, 
3-45, 3-115 
3-5, 3-21, 
3-45, 3-115 
3-45, 3-69 
3-45, 3-69 
3-45, 3-69 
3-45, 3-69 
3-71, 3-76a 


3-71, 3-76c | 


3-45, 3-77 
3-71, 3-80a 
3-45, 3-115 
3-45 

3-45, 3-115 
3-45, 3-115 
3-45, 3-123 
3-45 

3-45 

3-45, 3-127 
3-45, 3-115 
3-45, 3-115 
3-45, 3-115 


COMPATIBLE CURRENT SINKING LOGIC NUMERICAL INDEX 


~ Type Page No. 


Type 


9948 
9949 
9950 
9951 


9961 
9962 
9963 


LPDTuL 
9040 
9041 
9042 
9043 
9044 
9046 
9047 


Micromatrix™ array 


4501 
4510 
4601 
4610 


CCSL 


9033 
9034 
9034 AXA 
9034 AXB 
9035 


Page No. 


3-45, 3-115 
3-45, 3-115 
3-45 

3-45, 3-115, 
3-127 

3-45, 3-115 
3-45, 3-115 
3-45, 3-115 


3-45, 3-63 
3-45, 3-63 
3-45, 3-63 
3-45 
3-45 
3-45 
3-45 


3-27 
3-29 
3-32a 
3-32e 


3-62a 
3-62e: . 
3-62: © 
3-62) 
3-62k 


CROSS REFERENCE —CCSL AND SPECIAL CIRCUITS 


ca HLLDT ub 


Function Special 


Gate 

Hex Inverter NAND Gate 
Quad 2-input NAND Gate 
Triple 3-input NAND Gate 
Dual 4-input NAND Gate 
8-input NAND Gate 


Dual 2-wide Expandable 
AND/NOR Gate 


4-wide Expandable 
AND/NOR Gate 


Dual 4-input Power Gate 
3-input NOR Gate 
4-input NOR Gate 

Dual 2-input NOR Gate 
Dual 3-input NOR Gate 
Quad Inverter NOR Gate 
2-2-3 Input AND Gate 
Dual 4-input AND Gate 


Dual Output, 8 Input 
AND Gate 


3-3-1 Input AND Gate 
Quad 1 AND Gate 


3 Output Quad 2 Input 
AND/OR Gate 


2 Output Quad 2 Input 
AND/OR Gate 


Buffer 

Dual 2 Input 
Dual Buffer 
Counter Adapter 


Decoders 

1 of 10 Decoder 

1 of 16 Decoder 

7 Segment Decoder 


Multiplexers 

Dual 4-input Multiplexer 
8-input Multiplexer 

Dual 8-input Multiplexer 


Counters 

BCD Up/Down Counter 
Decade Counter 

Hexidecimal Counter 
Hexidecimal Up/Down Counter 


Registers 
4 Bit Shift Register 
Dual 8 Bit Shift Register 


Adders & Comparators 
Dual Full Adder 

Dual Four-bit Comparator 
Half Adder 

Adder 


F,C C 
C 


Legend: F=Flat Pak FP =Fairpak® D=Dip C=T0-5 E=T0-5 Epoxy 
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CROSS REFERENCE — CCSL AND SPECIAL CIRCUITS 


.. Function. Cul Special 


Memory & Latches 

Dual 4 Input Latch 

16-bit Memory Cell 

256 Bit ROM 

Dual 4-bit Latch 

Buffer Memory 

Decimal DEC/DR 
Micromatrices 

32 Gate Customizable Array 
48 Gate Customizable Array 
96 Gate Customizable Array 


Kit. Parts 
4501 — 
4522 


Gate Expanders 
Expander 


Binary Elements 

RS Flip Flop 

Buffered JK Flip Flop 

Dual Flip Flop 

AC Coupled Flip Flop 

Type D Flip Flop 

Dual Rank Flip Flop 

One Half Shift Register 
With Inverter 

One Half Shift Register 
Without. Inverter 


Typ Tpd Typ Tpd 
Interface Functions 100 MHz 2 MHz 
Line Receiver | F,D 
Line Driver F,D 
CCSL to MOS F,D 
MOS to CCSL F,D 
Multivibrators 
AC Coupled One Shot F,C,D 
Retriggerable One Shot F,D 


Legend: F=Flat Pak FP=Fairpak® D=Dip C=T0-5 E=T0O-5 Epoxy 


MANUFACTURED UNDER ONE OR MORE OF THE FOLLOWING U. S. PATENTS: 2981877, 3015048, 3025589, 3064167. 3108359. 3117260: OTHER PATENTS PENDING. 
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DTyL COMPOSITE DATA SHEET 
DIODE -TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 


Diode Transistor Micrologic (DTL) is the first diode transistor logic circuit expressly designed 
for integrated circuit technology. As a consequence, DTyL requires only one power supply, 
‘which may vary over a wide range without impairing circuit performance. High tolerance to 
electrical noise, along with ample drive capability is characteristic. Indeed, the designer may 
exchange one for the other to strike the balance most appropriate to the situation at hand. 
DTuL is completely characterized and specified over the entire military temperature range of 


-55°C to +125°C. 


CONTENTS OF THIS SPECIFICATION 


The optimum operating supply voltage for the full military temperature range is 5.0 volts. The dataof this specificationenumerated , 


on pages 2 and 3 and the loading rules on page 8 are valid for supply voltages ranging from 4.5 to 5.5 volts. Power dissipation may 
be reduced by using Voc = 4V without sacrificing noise immunity or speedif operating temperature is held to a minimum of -20 C, 
or if fanout is restricted. The Fairchild epitaxial integrated circuit process also permits an operating supply voltage of 6.0 volts 


over the full temperature range with a slight decrease in fanout or noise immunity at temperatures in excess of 100 C. (See page 8). 


For guidance, when designing outside the limits guaranteed by the tests given on pages 2 and 3, graphs of minimum and maximum 
limits of circuit operation are shown on Pages 6 and 7. Thesegraphs will permit the designer to optimize fanout, noise immunity, 


supply voltage and temperature for the specific application. Examples using these graphs are given on Page 7. 


Very extensive noise threshold and propagation delay dataare given inthe individual DTuL 930 and 931 specification sheets (available 
on request). Additional propagation delay data is given on Pages 4 and 5 of this specification. Specific characteristics of the Dual 
Buffer and the Dual Power Gate may be found in the individual DTyL 932 and DTyL 944 specification, while data concerning the 
effects of input extension appear in the individual DTy.L 933 specification. 


ABSOLUTE MAXIMUM RATINGS (above which useful life may be impaired) 


+8 Volts Input Forward Current 
+12 Volts 
DTyL 932, 944 100 mA 


DTyL 930, 931, 946, 962 30 mA 


Supply Voltage Vic): -55°C to +125°C, continuous 
Supply Voltage Voc): pulsed, <lsec Input Reverse Current 
Output Current, into outputs Operating Temperature 


Output Current, into outputs Storage Temperature 


DTuL 930 DUAL GATE 
DTL 932 DUAL BUFFER 


DTuL 944 DUAL POWER GATE 


DTyL 933 DUAL EXTENDER 


" J-K MODE TRUTH TABLE 
t, tye) 
E=A°B-C°D-(X) | : Q, 
F=G:H-I-J-(Y) 


POSITIVE 


Ve Cc 


TYPICAL FLAT PACKAGE 
TOP VIEW . 


Pinto 265 MAX “—s 1875-— 


5 


“+10 mA 

1 mA 
-55°C to +125°C 
-65°C to +150°C 


DTuL 931 CLOCKED FLIP-FLOP 


R-S MODE TRUTH TABLE 
th tas] 
Q 
Qn 
Qn 
Qn 


n 
nN 
2 


1 


Undeter- 
Mined 


--— = *« Oo K KO 6 


Cc 
x 
ie) 
xX 
0 
1 
1 
xX 
0 
1 


~em—_ =~ O KX CO OM 
- <~ Ofm = «KX O 


X - Either a one or a zero 
can be present 


"1" more positive than "O" | 
For J-K Mode Operation: 


Connect S, to Q and C, 
to Q ag 


-AIR CHILD 


SEMICONDUCTOR 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 


313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 
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DIODE-TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS — 


TEST SEQUENCES — DTpL ELEMENTS 930, 931, 932, 933 


Abbreviated Test Sequences for the DTyL family of elements are shown below. Theground pin is grounded on all tests. Page3 of 
this composite gives a glossary of terms used, tables of test conditions and limits, and LTPD percentages by group. | 


DTpL 930 & 932 ELEMENTS 


NOTE: Both elements are dual ''NAND" gates; therefore, the test sequences for each are identical. Tests on each side of the dual are identical; therefore, matching test and pin numbers 
are shown in parentheses. 


_ FORCING CONDITIONS . ' LIMITS 
- Test LTPp #* ; ; : mer ; 
Now 4 Group Notes Pin A (G) PinB(H) PinC (I) Pin D (J) Pin X (Y) Pin E (F) Voc Sense Min. Max. 
i, (2) a Vin Vin Vin Vin ton Yeon YE Vp) You 
3,4, 5,6 i 
(7, 8, 9, 10) . 1,3 Vy, Vig. Vin te lon Yeon = Ye Vp) Von 
11, (12) Cc Vr GND GND GND Vocn I A I G I 
13, (14) Cc GND VR GND GND Vocx I, Is I, 
15, (16) c 3 GND GND Vr GND Voor In ly Ip 
17, (18) Cc 3 GND GND GND Ve Vocr Ih I J In 
19, | (20) D Ve Vp VR Vr VocH I A (I,) I, 
21, (22) D. Vr Vp Vr v5 Vacn a ly 
23, (24) D 3 Vp Ve Ve VR VocH Io a, I, 
25, (26) D 3 Ve Ve Vr Ve Vocr In (I yp Ip 
27, (28) Cc GND Vege Vere “Tada! Torx 
29, (30) B 2 GND GND Voc I, (I) Io Too 
$1 E Vpp ‘ec TDDH 
32 E GND V(max) lice I(max) 
33, (34) E 3 Vy lon Vai: WaclVied: Viog 
35, 36 F ty a’? toa - — See table of test circuit conditions and limits, Page 3. 
“NOTES: 1. Vin applied individually to 1 input each test. Other inputs open. 2. I5,.(max) only for 930; log (min) only for 932. ' ** See LTPD group, Page 5. 
3. Delete these tests for 10-pin TO-5 package: 6, 9, 10, 16, 17, 
18, 24, 25, 26, 33. 
DTpL 931 ELEMENT 
nee FORCING CONDITIONS LIMITS 
Test LTPD ~ 
No. Group Notes CP C, Cy 8, 8, Cy Sp Q Q Voc Sense Min. Max. 
1 Cc VR GND GND GND GND Vocu lop Ipcp 
2,3,4,5 Cc 1 GND V, Vr Va Ve Venn lop Foo? Igy? Isp lp 
6,7, 8,9 D 3 Ve Vy Ve Vy Vc lov Foo? Igy? Is0 2/3 Tp 
10, 25 - 2 CP,, IL Vin Vocu lop lecp 
* 
Al, 12 “ 2 CPx, Vin Yin mw On lon Vocn Vo Vou 
* ' 
13, 14 B 2 CP,, Von Vig Von Vin, Ton Vech Vo Vou 
* 
15 A CP, mn GND lon, Veci Ve Vo. 
* 
16 A CP,, GND Tor, Vee Vo VoL 
17 E GND GND GND GND GND V(max) vec I(max) 
18 E PD Ivec IppH 
Ey ig CPs, GND) GND Vy Ving Jon Vocn Vo Vou 
20 B CP,, GND GND fs Ving log. ° Vong, Yo Vou 
al Cc CP, y GND GND VR Vocu lop In 
22 Cc CP, s GND GND . Vp Vocu 0) Tp 
23 D GND Ve GND ' GND Vocu lap leg 
a4 D GND GND Ve GND Vocu Ion las 
25, 26 F tod +? ty foe See table of test circuit conditions and limits, Page 3. 
NOTES: i. Ve applied individually to 1 input each test. Other inputs open, 2. Vin applied individually to l input each test. Other inputs open. 3. Ve applied individually to 
1 input each test. Other inputs open. * Momentary Ground. § *# See LTPD group, page 5. 
DTplL 933 ELEMENT 
FORCING CONDITIONS _ LIMITS 
Test LTPD*# ; ; ag . 
No. Group Notes Pin A (G) Pin B () Pin C (I) Pin D (J) Pin X (Y) Sense Min. Max. 
1, 2, 3, 4 
(5, 6, 7, 8) B 1 GND GND GND GND lop Vy (Vy) Vep Vep 
11, (12) A VR GND GND GND I A (,) In 
13, (14) A GND Ve GND GND In (1,5) Ip 
15, (16) A GND GND ve GND I, (1) Ls 
17, (18) A GND GND GND Ve Ip a) Ik 
19, (20) A Ve ly (Ly) 5, 


NOTE 1. GND applied individually to l input each test. Other inputs open. *## See LTPD group, page 5. 
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DIODE-TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 


GLOSSARY OF TERMS USED WITH DTpL 


In General, Subscripts are used as follows: 


O = output 

I = input 

R = reverse, applying to high inputs. 

F = forward, applying to low inputs. 

L = low, applying to a low signal level or when used with 
Voc to low Voc value. 

H = high, applying to a high-signal level or whenused with 
V 


cc to high Voc value. 


Non-operational Terms: 


V(max)= Maximum rated Voc pin voltage. 


I(max) = Maximum ratedcurrent into V,, pin, with V(max) ap- 


CC 
plied. 
Pp 7 Voc pin voltage applied during power dissipation test. 
lbp = Current into V cc pin with Vep applied. Inp means 
gate or buffer inputs are low or 931 clock pin input is 
low. IopH means the inputs are high. 
VR = Input reverse (high) voltage for input diode leakage test. 
I, = Reverse input diode current with Va appliedto input. 
Incp = Reverse 931 clock pin input leakage current with VR 
applied to input. 
Vorx = Output transistor collector to emitter voltage. With : 
Gutparpulteup resistor connected, Vorx = Voc | to 
avoid drop across output pull-up resistor. 
Operational Terms:. 
Vin = Input low (threshold) voltage. 
VoL = Output low voltage, with rated fanout current ae into 


Si 


TABLE OF CONDITIONS & LIMITS, TPD TESTS 
(See Test Circuits, Page 5) 


(v..=5V, T = 25°C) . 
R C9 in. Max. 


2 6: 
930 : 30 pf 25 nsec 80 nsec 
930 | 50 pf 10nsec 30nsec 
932 500 pf 25 nsec 80 nsec 
932 | 500 pf 15 nsec 40 nsec 
930 50pf 15nsec 40 nsec? 
930 ; 20 pf 5 nsec 20 nsec! 
932 500 pf 20nsec 65 nsec! 


932 200 pf 8nsec 30 nsec! 


(V..=5V, T= 25°C) 


R Co Min. Max. 


CC 


931 3.9 30 pf 35 nsec 75 nsec 


931 400 30 pf 35 nsec 75 nsec 
931 400 30 pf 20 nsec 50 nsec! 


931 3.9 30 pf 30 nsec 70 nsec! 


NOTE 1: Correlating limit provided as design information only. 


TABLE OF FORCING CONDITIONS 
Units -55°C +25°C | +125°C 
V(max) Volts | 


V Volts 


PD 
Vo CH Volts 
Volts 


Volts 
Volts 


Output transistor collector toemitter leakage current 


CEX faa 
with VcEX applie to output. 
, Vep = Forward diode drop in 933 Element. 
lep _ = Forward diode current in 933 Element. 
Vig. = Input high (threshold) voltage. 
Von = Output high voltage, with high output current (Ion) 
flowing out of output. . eo 
Ve = Forward (low) input voltage, for forward input current 
(I,.) test. Ve is usually ground. 
I, = Forward input diode current, for unit input load. Also 
| shown will be 2/3 I» lecp: and Tag: 
Ion = Output shi current. 
Ton = Output highcurrent, flowing out of output nN GH test. 
Iso = Short circuit output current to ground, withone or 
more inputs low. I... minimum confirms output abili- 
ty to pull up capacitive loads; loc maximum confirms 
subtraction of fanout rules when "OR" ing outputs. 
Voc = Low Voc pin voltage. Used for You (I OL) and Vou 
Coy) tests. 
Vocu = High Voc pin voltage. Used for Vip 7 Ip inaut for- 
ak ward diode current tests. ee f 
CP,, = Clock Pin, pulsed. The sabserie if any refers to 
fy pulse. waveshape. Used a as -binary elements. 
(See page 5). 4 
VopTH Input’ Clock Pin threshold voltage (low).” " With Clock 
es Pin. at or below Yop TH’ tne 931 ‘master Flip-Flop 
| holds the proper | "slave (output) FlipsFlop output 
 highe -_ < 7 Rs dey | 
Vie * | = Input low (threshold) voltage extendable inputs. 


Von 


V 


1 I 
2/3 I, 


930 
I5,.(min) 932 


I(max) 930 
I(max) 931 
I(max) 932 
930 
931 
932 


Units -55°C +25°C '4125°C 
Volts 4.5 


Units 


-55°C — 425°C — +1 25°C 


36 32 
-4.0 

.80 

1.7 

75 


DIODE-TRANSISTOR MICROLOGIC” INTEGRATED CIRCUITS _ 


ADDITIONAL DELAY TIME CHARACTERIZATION INTO CAPACITIVE LOADS 


The individual specifications on DTwL 930 and DTyL 931 give ex- 


tensive delay characterizations as functions of Veo: temperature, 


: fanout and ratio of active to inactive fanout. For each fanout, active | 


or inactive, Spf wiring capacity was added. This page will show the 


| effects of greater wiring capacities. 


. Most delay attributable to capacitive loads is associated with the 
positive going output. Two R-C time constants are seenin the posi- 
In the lst time 


period, from the saturated low level to threshold, the R of the R-C 
KQ 


active fanout ° 
_ Above the threshold which occurs at about 1.4 to 1.5 volts at 25°C, 


_ the R of the 2nd R-C time constant is 6K and the rate of the volt- 


' tive going output, as shown in the pictures below. 


, time constant can be given by 6KQ in parallel with 


' age rise abovethreshold isslow. The logic signal propagates through 


DTuL 930 — INVERTER PAIR DELAY 


All Traces 1 volt/division 


30pf each output 


50 nsec/division 


1 active fanout each output 


lst Negative Going Trace - Input to lst Gate 


Positive Going Trace - Output of lst Gate = Input to 2nd Gate 
2nd Negative Going Trace - Output of 2nd Gate 


at the threshold level; sovoltage rise above threshold does not affect 


co: the volt- 
DTyL 930, 932, 933, and 
931 inputs (except CP) are ~ 2pf per input for active or inactive 


speed. By noting that both rise domains drive toward V 


age rise waveform may be calculated. 


fanout; the remaining capacitance is from board, wiring, and con- 


nectors. 


The tod average curves, with 1 active fanout, Fig. 1 below, and 
the typical maximum toggling frequency curve, Fig. 2, give the pre- 
diction of capacitive effects on switching speeds. For frequency 
division or ripple carry counting, useof 3K external resistors tied 
from output to Voc in the least significant bit will increase the 
maximumfrequency. In Fig. 1 eachoutputhas 1 active fanout, which 


is worst case. 


DTuL 931 — DIVIDING BY 2 


50 pf each output 
50 nsec/division 


l active fanout each output 


‘ 
Kor? 
on 
° 
Q 
< 

a 

Q 
i 
an 
< 


Upper Trace - Input to CP (5 volts/division) 


Positive Going Trace - Output Going High (1 volt/division) 


Negative Going Trace - Output Going Low (which starts Going low as 
the positive Going Trace reaches threshold) (1 volt/division). 


FIG. 1 
Tpa AVERAGE VS. CAPACITY 
(DTuL 930, 25°C) 

70 
SaaS eae ae 
Pe i oO 
ee a i a Ze a Ea 
Pr (devs (eee ee en hes cae 
es a en 7 
: OLLI ee 
VA DAs |] 
1 oP Aa aa a 
> r_\ | 
2 20 es 
Pal 
10 -- 


*60 80 100 
cueA ANGE < EACH OUTPUT —pf 


9 STAGES 


a-8 


FIG. 2 
TYPICAL MAXIMUM BINARY 
COUNTING a VS. CAPACITY 


Ta = 25°C 
Moor = 


10mc 


Sens aS 
es eee) aS SOOO os 


ie Ossie 


ZERO ACTIVE FANOUT SN aN 
EACH OUTPUT 
LIN ™N 
\ > 


ONE ACTIVE FAN-OUT 
EACH OUTPUT > 


COUNT PULSE FREQUENCY 
— 
o 
3 
a 


EXTERNAL 3 KQ RESISTOR TO Vcc, 
EACH OUTPUT N 


0 30 50 100 300 500 1000 
CAPACITANCE C, EACH OUTPUT — pf 


50% 
DUTY CYCLE 
fcp o 


DIODE-TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 


DT zl 930 TIME DELAYS VS. CAPACITIVE LOADS 


FIG. 4 FIG. 5 


100 
T, = 125°C 


Vv oO eo 
a 2 60 a 
i= c Cc 
| { | 
20 tog - 4000 <R<4K2 
0 a ae 
100 0 20 40 60 80 100 
CAPACITANCE C — pf CAPACITANCE C — pf CAPACITANCE C — pf 


to d test circuit for 930 & 932 used (see below) 


Tpd TEST CIRCUIT DTuL 931 Tpd TEST CIRCUIT DTul 930, 932 


Pulse Ino 
(Vin) 


PULSE IN 


PW > 100nsec 
P.W. > 100 nsec 


Bo Se FS i OR 
SPE DR 


VIN 
: ViN 
oe “GND. 
tpa - t pat : 
vou GND. 
930,932 toat 
GND 
Vout 
GND. 
C, and Cy includes probe and jig capacitance Tp a of 930, 932, and 946 elements will be read from input at 1.3 V. 
Virnr esha: = 1.5V at 25°C; at other temperatures Virhreshol d will be stated. All diodes FD600 or equivalent. 
CLOCK PIN WAVEFORMS 
TABLE OF LTPD’s 


(For 931 Test Sequence, Page 2) 


(These apply to the test sequence on page 2) START OF 
| TEST 


SENSE TIME 


CP,>2.5V 


Group -55°C +25°C +125°C 


0 
A 15% + 10% 15% | CP. >2.5V 
B “ 10% -. 15% ? 
C - 10% 15% 
D : 10% 15% 
: 10%. 18 CP,>2.5V 
F - 10% -— 
VcptH 


MOMENTARY 
GROUNDS 
RELEASED 
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 DIODE-TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 


MINIMUM-MAXIMUM DC CURVES If VS. Ve & Voc 


FIG. 1 y  . FIG. 2 
—1 1; DTuL 930, 932, 944, 946, 962 —1 1; DTul 930, 932, 944, 946, 962 
MAXIMUM VS. TYPICAL MAXIMUM VS. TYPICAL 
(V. = OV & V.=.750V T,y=—55°C & +25°C) 


(V,= OV & V,=.750V T,=+125°C) 


2.0 
Vec 
@) 
TEST POINT 1p <— 
Ls | 
wo ac .e) 
oa i GND 
oa Me oom eo a 
t i 1.0 | o—" Ls a" af 
Oo ry) “a = 
E rs 
0.5 
0 0 
0 3.5 40 4.5 5.0 5.5 6.0 0° 3.5 4.0 4.5 5.0 5.5 6.0 
Voc— VOLTS 


Vec- VOLTS 


FIG. 3 


Ice DT ub 931 
MAXIMUM VS. TYPICAL 


Note that with Ve = 0 and Inputs Si So, Cy: and Cy at Vow Iecp 


O Vcc 
current is summed through three diodes —both input AND Gate diodes and 
one of the Clock-coupling transistor emitters. 
(V >) rises to approach V 


a 
Sy, Ci, or Co (since all of these pins high is not an allowed logic state). 


Also when the collector of the Clock-coupling transistor rises (the col- 


As the Clock Pin voltage 


OL’ current starts to flow into one ofpins § 


'ecp — mA 


A lector is at Vop(sat) + Ve) current flows into the low output of the 
J cross-connected output Flip-Flop. Therefore, Tncp equal to 2 In isa 
conservative rating and test current is much higher than will flow "in use." 


ii OGND 


OUTPUT LOW CURRENT VS. Vcc OR Vo. FOR 930 AND 931 ELEMENTS 


FIG. 4 FIG. 5 FIG. 6 
lo. VS. Voc lot VS. Vee lor VS. Vor VS. Vec 
(T, = +25°C, Vo, = .400V) (T, = —55°C, Vo, = .400V) TYPICAL VS. MAXIMUM = (T, = +125°C) 


30 


T, = 125°C 


15 


toL — mA 


TEST POINT 


—~ MAXIMUM Vo, 
; =~ TYPICAL Vo, 


Vec — VOLTS Voc = VOLTS VoL — VOLTS 
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~ DIODE-TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS _ 


DT pL INPUT THRESHOLDS | 
VS. TEMPERATURE DT uL CLOCK PIN THRESHOLDS 
(except DT pL 931 CP) VS. TEMPERATURE Vag pyimin) With CP at or above V, « n,,(min), 


the clockedinputs will controlthe 


DEFINITIONS OF 931 CLOCK PIN THRESHOLDS 


state of the "master" Flip-Flop, 
with Voc 


worst case. 


Vin TEST POINTS 


and clocked -inputs 


V (min) WithCP at or below Vep TH 


the "master" Flip-Flop will con- 


(min), 


VOLTS 


trol the output Flip-Flop, with 


Voc and outputs worst case. 


V (max) With CP at or above Vop py ’max); 
the "master" Flip-Flop will not 


control the output Flip-Flop, with 


Voc and outputs worst case. 


FIG. 9 


-Ig¢ TEST POINT 


Vou TEST POINT 
I 


0 2.0 y 4.0 6.0 
OH 
Voyr - VOLTS 


2.0 


Vout 


EXAMPLES OF USES FOR THE MINIMUM—MAXIMUM DC CURVES (Pages 6 & 7) © 


EXAMPLE 1. . 

A low DTyuL 930 output at -55°C fans out to 8 inputs of DTwL 930 or 932. Vag=5V. Positive DC ground 
noise (Vg) of 350 mVis applied to the 18t 930. Its output may thus rise to .75 Volt (Vyg + Vor,). 4.65 Volts 
(Vec - VnNG) remain from Vcc pin to ground pin; this is above Vccy, = 4.50V, and test Io, is conservative. 
Maximum current flowing in each input of the 8 930/932's is givenby Fig. 1 on Page 4 with Vp = 0.75 V and 
Vac = 5V; the current (Ip) is less than 1.25 mA and total current (<8 x 1.25 = 10mA) is less than the Igy, 
test current used at -55°C to saturate the low output. Above the 350mV of Vygq already applied, the dif- . | sicesew 
ference between the common node voltage (<.75 V) and the low input threshold (Vy, = 1.40 V) of the 8 930/932's a | J | dtpt 932 Gates 


is still > 350 mV, allowing for signal noise to be superposed above ground noise. 


EXAMPLE 2. | 


The L,, and I 


F or Curves on Page 6 may be expressed in analytical form, as follows 


v..-Vo-V 
cc r ~ Yrp 

1., (930 and 932) < ——2———_——_ 1. <25°¢ 

ge AOSD ane gee) 3KQ A 


For Ta greater than 25°C, the 3KQ rises by 0.12%/°C to approximately 3.36KQ at +125°C. Vep is the temperature dependent silicon forward diode dropand is about 


0.70 V at 25°C and 1 mA. AVep/°C is roughly 1.8mV/°C. 


The ratio of Tor on 930 and 931 (Figs. 4, 5, and 6) at V.,, below test V I... at test V,, can be given by 


cc cc’. lor, cc 
Tor, @ -55°C Voc - 3.0V lor @ 25°C Voc -2.3V A oe ; 
fi 2 ey ae and by , 6 | 
Testo, @ Voc, = 4:5V 5V -3.0V | TestI4, @ Vogy, = 45V 4.5V -2.3V 


3.6 - 2.3 
i 2 > = i ificati ‘ ; PE [pnt eT i 
Since, at 25°C, lo. 7 12 mA at Voci 4.5V is guaranteed by the Page 2 and 3 apsciicahione, lor, at Voc pin to GND pin voltage of 3.6V is & : a) ous it my 


‘The similar expression for the 932 gives a very conservative value due to the phase splitter gain. Above V I is limited by V,. withan essentially. resistive 


CCL’ OL OL 


having relatively small effect. 


V 
OL 
(; saturation resistance) slope. Fig. 6 at +125°C shows this, with V 
\' OL . ~ CC 
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SUGGESTED INPUT-OUTPUT LOADING FACTORS 


oOo HH» 


(EXT) 


-_ DIODE-TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS __ 


; 1 
7 8. 1 ‘ 
2 1 | 
% 946, ; 
Y%, 962 


RULES FOR USE OF TTL 103 AND 104 WITH DTuL 
(AV < Veg < 6V) 


* = 2 input loads for fan-in = 1 to DTyL output driver. 
* = 3 input loads for fan-in ~ 2to DT,L output driver. 


These input loads are primarily determined by inverse beta leak- 
age at the TTywL inputs at +125°C. For special cases where im- 


proved loading rules may be required, please consult the Fairchild 


1 
Y, DTwL 930 1 
1 
1 
DTuL 930 “wired OR” 
1 
: 25 : 
oi 1 8 (930) 
or 25 (932 
0 (EXT) : os 
Y% DTwL 932 
Y DTpL 944 : 
1 
1 * = 1 input load to TTyL output driver. 
i DTuL 931 1 
' 0 ; Y, 933 
1 1 | 
Sales representative. 
% DTuL 933 EXTENSION OF INPUTS . 


The number of elements that may be driven by an output terminal may consist of any 
combination of elements whose summation of input loading does not exceed the out- 


put terminal driving capability. 


The TTyL makes an excellent output interface driver for DTuL. 
TTL outputs can be tied thru external loads to 8 or 10V separate 
voltage supplies, to obtain output levels up to 6 or 8 volts. 


MISCELLANEOUS RULES 


L Outputs of DTuL 930 may be tied together for the "wired OR" function 
(ABCD - GHIJ = ABCD + GHIJ). Subtract 1 unit fanout for each added gate. 
Subtract 5 fanouts for six added gates. 


2. Outputs of DTuL 932 may not betied together for the "wired OR" function. 


3. Extension of inpvis win the DT uwL 933 does not affect quiescent loading of 
the supplemented element (DTyL 930 or 932). However, capacitance due to 
wiring to the DTyL 933 will affect noise tolerance and propagationdelay, and 
thus establish a fanin limit for the particular application. Please refer to 
the typical curves on the DTyL 933 Dual Extender Element preliminary 
specifications. 


4. For operation with a nominal supply voltage of 4.0 volts from -55°C to 
+125°C, reduce element fanout as follows: DTyL 930 = 5, DTuL 931 = 5, 


10 LEAD TO—5 PACKAGE PIN LOCATIONS 


Vec Voc 
10 10 


DTywL 932 = 18. If temperature is maintained above -20°C, no fanout re- 


duction is necessary. 


5. For operation with a nominal supply voltage of 6.0 volts from -55°C to 
+125°C, reduce element fanout as follows: DTuL 930 = 6, DTyuL 931 = 6, 
DTywL 932 = 20. If ambient temperature remains below +100°C or if worst case 
Noise Thresholdis consideredto be 250 mV, no fanout reduction is necessary. 
Except as noted, these rules apply over the entire military temperature range 
with a supply voltage of 4.5 to 5.5 volts. These rules also permit a 50°C 
temperature differential between individual elements. These rules guarantee 
a worst case signal-line or ground Noise Threshold of at least 350 mV. 
Practical Noise Thresholds exceed 500 mV. 


6. All rules for DTwL 930 apply to DT yw L 946 and DTyL 962. 


PURCHASING INFORMATION 


9YXXX5Z 
= 1 for 14 pin CERPAK 
= 5 for 10 pin TO-5 


932 
933 


1 for -55°C to +125°C operation 


= 930 
931 
DTxuL 930 DUAL GATE DTul 931 DTuLl 933 
DTuL 932 DUAL BUFFER CLOCKED FLIP-FLOP DUAL EXTENDER 
DTuL 944 DUAL POWER GATE 
(cont'd) 
EXAMPLE 3.. 


The test sequences on Page 2 and tables of conditions and limits on Page 3 use two values of Vo Vac L and Vocr’ With a 


nominal 5 volts Veo for example, and assuming Vac = +.2V, testing at VecL = 4,5V and VocH = 5.5 V allows simulation of 
+ 0.3V ground noise Vig or Vcc line noise Vnc: Since there is gain associated with Vij, (refer to DT WL 930 and 931 specifications) , 
particularly at lower temperatures and Vcc values; the test guarantees of output low current andvoltage arethe worst case test 
conditions to simulate worst case ground noise. Much better numbers couldbe shown, for example, inthe ratio of output current 
to input current (I oF) if both Ip, and Ip were measured at identical Vac values and if input current was sunkinto Vp = Vo; 
the worst case low output level, or even into Vp = Vy, the inputthresholdvalue. However, the test values would then guarantee 
only signal line noise immunity, where there is no gain associated with Vns- By use of the Minimum/Maximum DC curves on 
Page 6 or by the Example 2 equations, limits for the single Vcc testing approach could be recovered. More important, each 
design or components engineer can develop the fanout, power, and noise margin tradeoffs for this unique application. 
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Veg PIN TO GND 


PIN VOLTAGE 


DTwL 932 DUAL BUFFER ELEMENT 
DTpwL 944 DUAL POWER GATE ELEMENT 
DIODE TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 


GENERAL DESCRIPTION - The DTyL 932 Dual Buffer Element andthe DTyL 944 Dual Power Gate 
Element are dual 4-input inverting drivers for use with the Fairchild Diode-Transistor Micrologic 
Family or any similar DTL logic circuits. The fan-in of either element may be extended with the use of 


the DT L933 Element. Input thresholds and currents arethe sameas other DT, Lgate elements. 


Both DTywL 932 and DT, L944 Elements have typical saturation resistances of 5 ohms which allow 
output currents of upto 100mA. The DTywL 932 features an emitter-follower output pull-up, which 


provides a high fan-out device with superior capacitance-driving capability. 


The DT L 944 features an output with no internal pull-up. Thus, 944 outputs may be tied together 
for the ''wired-OR" function, or may drive inputs with logic thresholds of 4 to 6 volts. The 944 is 
intended as a high fan-out gate interface driver, or low-power lamp driver. An external pull-up 
resistor may return tothe nominal DTywL Voc supply of 5 volts ortoother supplies upto 12 volts. 
These supplies may be located near the output or at the far end of an open transmission line or 


twisted pair interconnection. 


Complete test specifications , typical and worst-case DC curves, t q curves, and suggested loading 


rules are included in these specifications. 


ABSOLUTE MAXIMUM RATINGS (above which useful life may be impaired) 


Supply Voltage (Voq), -55°C to +125°C, +8.0 Volts 


Continuous 
‘Supply Voltage (Vag): pulsed, < 1.0 sec. +12 Volts 
Output Current, into Outputs, Continuous 150 mA 


_ Output Current, into Outputs, pulsed, | 300 mA 
<30 milliseconds 


Input Forward Current a -10 mA 


SCHEMATIC DIAGRAM OF THE 
DTuwL 932 ELEMENT 
(ONE SIDE ONLY) 


Voc 
() 


LOGIC DIAGRAM (TOP VIEW) 


POSITIVE (NAND) LOGIC oe eee 
E = WB-GD(X) 


F = GAY) 


NEGATIVE (NOR) LOGIC 
(symbol not shown) 


E = At+BtC+Dt(x) 
F = GTHtTI+J+(¥) 


Input Reverse Current 
Operating Ambient Temperature 
Storage Temperature 


Operating Junction Temperature 
(See note A on page 2') 


SCHEMATIC DIAGRAM OF THE 
DTuL 944 ELEMENT 


TYPICAL FLAT PACKAGE 
TOP VIEW 


PART NO’s 
9X93251—-932 ELEMENT 
9X94451—944 ELEMENT 

X = 3 CERPAK 
X = 510 PIN TO-5 


5.0 mA 
—-55°C to +125°C 
--65°C to +150°C 


+175°C Maximum 


(ONE SIDE ONLY) 


Vcc 


313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 
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FAIRCHILD 


SEMICONDUCTOR 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 


TEST SEQUENCE DTyL 932 AND DTuL 944 ELEMENTS 


NOTE: Both elements are dual "NAND" gates; therefore, the test sequences for each are identical. Tests on each side of the dual are identical; therefore, matching test 
and pin numbers are shown in parentheses. 


(H) 


1, (2) 


3, 4, Dy 6, 
(7,8, 9, 10) 


11, (12) 
13, (14) 
15, (16) 
17, (18) 
19, (20) 
21, (22) 
23, (24) 


25, (26) 

27, (28) 

29, (30) 
31 
32 


33, (34) 
35,36 


35,36,37,38 
(39, 40, 41, 42) 


43, (44) 
45, (46) 


Vin 


wno owmHemrtrmrmpewondtoueeweaaaa 


NOTES: © 
(1) Vin applied individually to 1 input each test. Other inputs open. 


(2) Apply GND to both pins A and G. 
(3) DTyL 932 only. 


TEST LIMITS—DTuL 932 AND DTyL 944 


-55°C 425°C +125°C 
Units Min Max Min Max Min Max 

Voc Volts 0.4 0.4 0.45 

On Volts 2.6 2.5 2.5 
Ip uA 2.0 2.0 5.0 
11, mA -1.6 -1.6 -1.5 
lop 932 pA 50 
I,¢.(min)932 mA _ -16 -18 -16 
Tmax) 9328944 mA 6.0 
Ippy944 mA 20 
IppH932 mA 26.6 
lonx944 mA 0.05 0.1 0.2 
LV.,944 Volts 6.0 


(I) 


Vin 


(J) 


Vin 


PinB PinC PinD PinX PinE 


(Y) 


Vx 


(4) DTuwL944 only. 


(5) On10 Pin TO-5 units, pins D, X, I and J are omitted. Thus tests 
6, 9, 10, 16, 17, 18, 24, 25, 26, 33, 38, 41, 42 and 43 do not apply. 


(F) 


lon 


<< < << < 


<< Ss < < < < < 


4°) 
o 


Xs 
: 
& 


_ See Table of test circuit conditions and limits. 


CONDITIONS AND LIMITS, tod TESTS 


(Voc 


a 
oF 
+ 


d- 


a as 
+ 


ne 
rg 


ct 


d- 


a- 


S 


= 5.0V, T, = 25°C) 
R 
944 510.2 
944 1502 
932 5102 
932 1502 
944 1502 
944 5102 
932 1502 
932 5102 


Co 


20 pF 
100 pF 
500 pF 
500 pF 

20 pF 

20 pF 
500 pF 


200 pF 


Min. 


15 ns 
10 ns 
25 ns 
15 ns 
10 ns 
5.0 ns 
20 ns 
8.0 ns 


Max, 
50 ns 
35 ns 
80 ns 
40 ns 
35 ns 
20 ns 
65 ns 
30 ns 


NOTE: Correlating limit provided as design information 


only. 


(Note 1) 
(Note 1) 
(Note 1) 
(Note 1) 


+25°C +125°C 


FORCING CONDITIONS Units -55°C 
Vmax) Volts as 
PD Volts a 
VocH Volts 0.9 
Voci Volts 4.5 
VR Volts 4.0 
Ve Volts 0 
a Vorx Volts 4.5 
_ NOTE A: 
' Allow 200°C/Watt 9 for TO-5; 300°C/Watt 0 for cerpak. 


J-A J-A 


+25°C +125°C 


8.0 
5.0 
5.5 
4,5 
4,0 
0 
4.5 


Allow 50°C/Watt 976 for TO-5; 180°C/Watt ®r¢ for cerpak. Heat removal in cerpakis highly 
dependent upon contact surfaces or air flow and on lead attachment and Thermal paths thru leads, as well as number of soldered leads. 
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Units 
mA 
mA 
mA 

Volts 


Volts | 


Volts 
mA 


_ “55°C 


36 
34 
-2.0 
1.4 
2.1 


40 
36 
-2.5 
1.1 
1.9 
1.8 
9.0 


36 
32 


-4.0 


0.8 
1.7 


| DIODE-TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS _ | 


MINIMUM/MAXIMUM AND TYPICAL DC CURVES tpd CURVES 
FIG. 1. —1 Ir DT uL932, 944 FIG. 5. TYPICAL OUTPUT LOW 
MAXIMUM VS. TYPICAL CURRENT VS. SUPPLY VOLTAGE FIG. 8. TYPICAL t,u— VS. 
(T, = —55°C & 425°C) (—55°C and +25°C) (932) CAPACITY (932, 944) 


el toe ere 
ae =e PT 
TT er ar 


Io, - OUTPUT LOW CURRENT - mA 


Vec - VOLTS Vec - SUPPLY VOLTAGE - VOLTS | CAPACITOR C - pF 
FIG. 6. TYPICAL OUTPUT LOW 
FIG. 2. DT zl INPUT THRESHOLDS CURRENT VS. OUTPUT VOLTAGE FIG. 9. TYPICAL t,4+ VS. 


VS. TEMPERATURE (932, 944) (932) CAPACITY (944) 


Vip TEST POINTS 


VOLTS 
- QUTPUT LOW CURRENT - mA 


4 tna caret 
For lo.” 60 mA, Vin 
increases but is less 

than 2.0V at 150 mA. 


lot 


“55 | 25 125 ° 0.2 0.4 0.6 0.8 
TEMPERATURE - °C Veg ~ OUTPUT VOLTAGE - VOLTS CAPACITOR C - 0 
FIG. 3. TYPICAL POWER DISSIPATION FIG. 7. TYPICAL OUTPUT LOW 
PER SIDE VS. SUPPLY VOLTAGE CURRENT VS. OUTPUT VOLTAGE FIG. 10. TYPICAL t..+ VS. 


(OUTPUT NOT LOADED) (932, 944) (944) CAPACITY (932) 
ES 


| i TTT A 


ia 
fees 
Ea 
¥ 
a 


- POWER DISSIPATION - mW 


NPUTS LOW 


lo, ~ OUTPUT LOW CURRENT - mA . 


Pa 


0.2 0.4 0.6 0.8 10 200 500 1000 2000 


FIG. 4. TYPICAL OUTPUT CURRENT 
WITH INPUTS LOW (932) 


5 y 
See ee 


tod TEST CIRCUIT FOR DTyuL 932 ELEMENT 


Vec 


Magica nasser 

¢ 20 ; 2kQ (944) 

5 j | VIN VIN 

ce 15 PULSE lIN 1.5V X—~X 1.3V 

3 R GND 
t tna- 

pee pd+ pd T 

= 

Su x ” ae ee. 

ae aac ea UY ese a ay 

+ 

o 

7 5.0 ING 


° 
vt IL oRKe NI 
| Lo | NOON 
0 1.0 2.0 3.0 4.0 5.0 All Diodes are FD600 or Equivalent at 25°C 
Vout - OUTPUT VOLTAGE - VOLTS Cy and Co includes Probe and Jig Capacitance _— 


NOTE: . : 

The same circuit is used on the DT iL 944 element except that all diodes are omit- 
ted. The resistor R is tied to capacitor C andthe Test Output. A 2k resistor 
is used to load the input gate. 
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MISCELLANEOUS RULES. 


Y% OTL 932 | Y, DTul 944 


= WP ae : 
(Less resistor subtraction) 


INPUT LOAD FACTORS FOR OTHER DTuL ELEMENTS 
DTu.L930, 946, 932, 944 inputs 
2 - DTyuL931, 945, 948 CP pin 


1 1 
1 1 
1 ae 1 
1 1 
0 0 


DTuL 932 may not be output ''OR"'ed. 

For increased current, inputs and outputs of 
1/2 DTywL 932 or 1/2 DT wL 944 may be paral- 
leledupto 4 common outputs. Each combined 
input = 4 loads. Combined output = 100 loads. 
DTyuL 944 may be output "OR"ed. 

An external resistor should be used with 


DTywL944. With external R to 5 volt Vac 


+0.5V; subtract output loads as follows: 


10 LEAD TO-5 
PACKAGE 


2/3 - DTyL931, 945, 948 S; So C, Cy 

3/4 - DTyuL 931 Sp Cy pins 

2 - DTyL945, 948 Sp Ch pins 

1 - TTyL103, 104 when driven by DTuL932 


or 944 with external resistor << 510 Q. 


2k - 2 loads 
1k - 4 loads 
-510k - 8 loads 


DTyL 930 DUAL GATE 
DTywl 932 
DUAL BUFFER 
DTuwL 944 
DUAL POWER GATE 


MISCELLANEOUS APPLICATIONS 


NOTE: In some of these applications, use of the elements is made within the design of the element but beyond the guaranteed test limits on page 2. Consult your Fairchild 
sales representative for additional information and/or selection requirements. 


INTERFACING 


Bt 


Line 
Receiver 
or 
| _ Harness, Receivers 


¥% DTul 944 iad 


[Environment 
B* up to 12 volts. Line Receiver may have nominal low level 
<1 volt; nominal threshold ~4V and nominal high level > 8 V, 
for example. Resistor selected should be as low as possible 
consistent with required low input level of receiver, number of 
receivers, and power dissipation of system. For a guaranteed 


V level above 6 volts, an LV selection may be desirable; 


OH CE 
for use of resistor that requiresthe 944 tosink morethan 40 mA 
(at Vo. above .40 volt), ahighcurrent lon - VoL selection may 


be desirable. 


POWER GATING 


Card 1 


Driven 
Elements 


Card N 


Each output driver is 1/2 DTuL944. Note that the DTywL 944 
is a direct high fan-out replacement for DTuL930, except 


that an external resistor must be used. 


EAIRCHILD 


SEMICONDUCTOR 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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DRIVING «zL AND MWiL 


3V < Vee < 4V MWut 
2.7V < Voc < 3-6V pe 


4vV < Vec <6V 


DTpl Elements 


pl 900 
_MWuL 909, 921 


Discrete Circuitry 


MWul or ul Gates 
or Flip-Flops 


¥% DTpl 932 


cc 


Rules: WithV, > 4.5 Va 932 will drive 25-unit yu. Logic loads or 
100 MWuL unit loads. | 


Derate DTyL output drive by 25% for DT yw.L 932 Voc = 4 Vv. 


Refer to DTyuL932 Output Current vs Output Voltage 
curve, Page 3, for matching to uL-MWuL I AVAILABLE 
requirements. 


LAMP DRIVING 
Suggested Ratings T A <75°C 


Power Dissipation TO-5 400mW Maximum 
Power Dissipation Cerpak 240 mW Maximum 


5V < Voc < 6.3V Maximum "hot" lamp current 


ae (4) a B+ 120 mA TO-5 one side only ON 
100 mA Cerpak one side only ON 


5V, 100mA Lamp 


Gnd = or Equivalent 90 mA TO-5 both sides ON 
¥% DTpl 932 i 
ey 75 mA Cerpak both sides ON 


"Cold" lamp current is limited by saturation resistance, emitter resistance, and 
base current to about 200 to 250 mA. 


The most significant thermal time constants for 932 and 944: 
TO-5 Package 50 ms Cerpak 100 ms 


Thermal time constant is measured by forward diode drop in one gate with power 
pulsed into opposite gate. A high current 8 selection is desirable in this appli- 
cation. — 


DTp L933 DUAL FOUR-INPUT | 
EXTENDER ELEMENT 


FAIRCHILD DIODE-TRANSISTOR MICROLOGIC 


The DTyuL 933 is a Dual Input-Extender consisting of two independent diode arrays 


identical in every respect to the input diodes of the DTuL Gate and Buffer elements. Gg TYPICAL FLAT PACKAGE 


TOP VIEW. 


DTL 933 elements may be usedto extend fan-in capability to more than 20 without 
adversely affecting the noise immunity or load driving capability of the element to 


which they are connected. 


Good practice dictates that extension interconnection paths be as short as possible © 
to minimize the effects of distributed capacitance on circuit performance. The Le 1075 abe = 26 max —— 


effects of capacitance are summarized on the back page. 


Typical input capacitance of DTyL 933 is 2 pf and output capacitance is 5 pf. 


For complete test sequence and test values, please refer to the composite PART NO. 9193351 | 


DTuL specification 


FLAT 
PACKAGE 
LAYOUT 


SCHEMATIC 
DIAGRAM 


| 
ans 
-4 
si 


_ (TOP VIEW) 


ra) 
20-—---—— 
ad 


% 930 or 932 


-- FORWARD VOLTAGE 
Loic VS. 


EXAMPLE | ae | FORWARD CURRENT 
eal + 25°C 


INPUT CURRENT — mA 


POSITIVE LOGIC E=ABCDGHIJ 
NEGATIVE LOGIC E=A+B+C+D+GtHtit+J 


INPUT VOLTAGE — VOLTS 


Copyright 1964 by Fairchild Semiconductor, a Division of Fairchild Camera and Instrument Corporation 


SEMICONDUCTOR 
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VNG — GROUND NOISE — VOLTS 


NOISE THRESHOLD 


- Typical Cine to Show the Effects of Extender Pin Capacitance (Resulting From the 
_ Use us ee ey on Time ey of DTy»L 930 Dual Gate and DTywL 932 Dual Buffer 


; + 25°C 
DT yl 930 tpd + VS. DTul 930 tpd— VS. DTuL 932 TIME DELAY VS. 
EXTENDER PIN CAPACITANCE EXTENDER PIN CAPACITANCE EXTENDER PIN CAPACITANCE 


_ DELAY TIME — nsec 
DELAY TIME — nsec 
DELAY TIME — nsec 


C=. CAPACITANCE ~ pf Cy— CAPACITANCE — pf | ae CAPACITANCE — 


to a at R = 5KQ is slightly lower. © 


TEST CONDITIONS 
Vec 


. WAVESHAPES Diodes are FD600 


: 30 oF 932 DY 


PULSE IN 


60) VIN Cc, represents the summation of the 


DTyL 933Dual Extender Element out- 
put capacitances (~5 pf per output) and 


| > e | Vout associated board, connector and wiring 
| 


capacitances. 


o| 

ay 

© 

Nh 
tt-—- 


Typical Curves to Show the Effects of Extender Pin 
penne on Noise Threshold of DT ul 930 Dual Gate 


+ 25°C 
PULSED GROUND NOISE PULSED SIGNAL LINE NOISE 
- THRESHOLD AS A FUNCTION | THRESHOLD AS A FUNCTION TEST CONDITIONS 
OF EXTENDER PIN OF EXTENDER PIN | 
CAPACITANCE a CAPACITANCE 

Vcc = 5V 

! 

a 

oe PULSE WIOTH — nsec Oo PULSE WIDTH — nsec 


Diodes are FD600 


4501 
CCSL MICROMATRIX™ QUARTER-CELL 


A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION — The 4501 consists of a single 4-input DTuL gate designed for use in breadboarding 
the 4500 Micromatrix™. It corresponds to one of the 32 quarter-cells available in the 4500 Micromatrix PHYSICAL DIMENSIONS 
array. Logic flexibility is offered with pin options for interconnections of four independent elements. These TYPICAL DUAL IN-LINE PACKAGE 


elements are a) 4-diode cluster, b) non-inverting amplifier, c) common emitter inverting amplifier and fe Accordance wih 
JEDEC (TO-116) Outline 


d) load resistor. 7 


FEATURES 


e Offers 4500 Micromatrix breadboarding capability 
e¢ Compatible with all CCSL devices 


ABSOLUTE MAXIMUM RATINGS 


Vcc Pin Potential to Ground Pin —.5oVto+7V 
Input Voltage —.5Vto +5.5V 
Voltage Applied to Outputs —.5V to +Vc- Value 
Storage Temperature —65°C to +150°C 
Temperature (ambient) under Bias - —55°C to +125°C Gs cabana fTcisuaeatar ci nes avauaau cube einai 


purposely shipped with 'positive” ( 350) misalignment to faciitate insertion 


2. Board-drilling dimensions should equal your practice for a conventional .020 
inch diameter lead. 


ORDER INFORMATION 


Specify AGA45015XX, where SXX is 51X for —55°C to +125°C temperature range or 59X for the 0°C to 
+75°C temperature range. | . 
To order 4500 design kit, specify A6A4501KTX 


CIRCUIT SCHEMATIC (PIN NUMBERS) LOGIC DIAGRAM (PIN NUMBERS) 


Voc = PIN 14 
GND = PIN3 


: | 

6 9 1 12 
7 

8 . 


TYPICAL RESISTOR VALUES 
Ry = 2kQ 
Ro = 1.75kQ 
R3 = SkQ 
Rg = 6kQ 
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ELECTRICAL CHARACTERISTICS (T, = —55°C to +125°C, Voc = 5.0V = 10%) Connected as NAND gate with pull-up resistor 
MILITARY TEMPERATURE RANGE 


CHARACTERISTIC —55° 
MIN. MAX. 


Output High Voltage Voc = 4.5 V low = —180 HA 
V,, on any input 
Output Low Voltage Veco = 5.9 V IE. = 8 mA 
| Veco = 4.5V Io, = 6.2 mA 
Input ue Voltage 1. | ol, Guaranteed input high 
. threshold for all inputs 
Input Low Voltage Guaranteed input low 
threshold for all inputs 


Input Load Current 


ELECTRICAL CHARACTERISTICS (T, = 0°C to +75°C, Vic = 5.0 V = 5%) Connected as NAND gate with pull-up resistor 


INDUSTRIAL TEMPERATURE RANGE | 
0°c +25°C +75°C UNITS CONDITIONS 
MIN. MAX. | MIN. TYP. MAX. an MAX. 


Von on any input 
Volts | Veo = 9.25 V lo, = 9.6 mA 
Veo = 4.75 V - lo, = 8.5 mA 
Input High Voltage — Volts Guaranteed input high 
threshold for all inputs 
Input Low Voltage 1.1 Volts | Guaranteed input low 
| threshold far all inputs . 


p Input Load Current 109 16 eed ee = 5, V; = 045 V 
carat [0 


V, = 0.45 V 


Input wel Current Vp = 4 V, GND on other inputs | 


Veco = ) V Inputs open, pull-up connected 


77a Vec = 5 V Any input grounded 


Loading and interconnections for 4501 are identical to 4500 Micromatrix array except for Note 3. 


LOADING RULES» INTERCONNECTION RULES 
Connected as NAND gate Expanding the 
with pull-up resistor input 


91X 99X 


temperature range operation (4 unit 


loads for 59X temperature range.) 


| % | 
The OR tie 
Fan-in 1 DTuL unit load oe ees aad 
. | If OR tie is utilized, 4501 fan-out 
Fan-out. . — is restricted to 3 unit loads for 51X 


Maximum fan-in — 20 inputs 


corresponding to 5 diode clusters. 


Fan-out — same as NAND gate. 


(Note 3.) 


Maximum of 4 OR ties allowed. 


Note 3: Fan-out of 5 (6 for 59X temperature range) with OR tie used, can be maintained if temperature range of operation is limited to +15°C to 
+125°C (+15°C to +75°C for 59X temperature range.) 


4510 
CCSL MICROMATRIX" DUAL 4-BIT COMPARATOR 


A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION —The 4510 consists of two independent 4-bit comparators useful in many decision 24 PIN CERPAK 
making control applications, such as digital printers. Each comparator is capable of accepting two 4-bit | OUTLINE 


inputs and provides a high level output signal when they are identical. An output latch stores the compared | rae 


output when the strobe pin is high. Outputs may be “Wire ANDed” to expand comparison capability. | 
The circuit is produced with two layer metal interconnections using pe Fairchild 4500 si cial Micromatrix™ — | | | | | il | At | 
Aaray. 


FEATURES — | | a _ a = 10 


¢ ASYNCHRONOUS AND SYNCHRONOUS OUTPUTS , _ 
© OPTIONAL LATCH STORAGE OF OUTPUT | 
e EXPANDABLE IN GROUPS OF 4 BITS | | | | l : IM 


© TYPICAL POWER DISSIPATION OF 250 mW 
¢ CCSL COMPATIBLE - 
e ALL CERAMIC “HERMETIC” 24 PIN. CERPAK. | | | af Eee merecric= 
MEMBER OF 4500 MICROMATRIX™ ARRAY FAMILY | | i 
e TWO LAYER METAL INTERCONNECTIONS | (0035 


qooo0000000 afm 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature | —65°C to +150°C 
Temperature (Ambient) Under Bias . : —55°C to +125°C 
Voc Pin Potential to Ground Pin | —0.5 V to +7.0V 
Voltage Applied to Output for High Output State —0.5 V to +V.- Value 
Output Current Into Low Output State 20 mA 
Input Voltage (D.C.) —0.5Vto +5.5V 


ORDER INFORMATION — Specify A3M45105XX for flat package, where 5XX is 51X for —55°C to +125°C 
temperature range or 59X for the 0°C to +75°C temperature range. 


23 22 2120 1918 17 16 | 11098 «76 «5 4 


Ap By Ay By A By Ay By | Ap By Ay By Ay Bo Ag By 


ST COMPARATOR | ST COMPARATOR II 


PIN 24-Vop_ 
4 5 PIN 12=GND 
Fig. 1 — 4510 DUAL 4-BIT COMPARATOR LOGIC DIAGRAM 


ES 
EAIRCHILD 
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ELECTRICAL CHARACTERISTICS (T, = —55°C to +125°C, Vic = 5.0 V = 10%) 


MILITARY TEMPERATURE RANGE 


SYMBOL 


CHARACTERISTIC 


Q Output High Voltage” 
= B Output use Voltage 


Ean: tee 
260 
fener || 
Q and A = B Output 
pxesoupitony | 
=B Cuput Only 
Bet ieee Re 
peer | a 
oo one 
| 28 


Input Load Current 


a0 
Input Leakage Current eee 


A=B Output Load Curent 


3 
4 
1.86 
For “Wired AND” 
3.1 


t23+ 15+ | Comparison Switching Speed 
t23— 15—. as toA=B 


LIMITS » 


—55°C ~ +25°C © +125°C UNITS 
MIN. ..MAX.} MIN. TYP. MAX. | MIN. MAX. 


1.82 2.48 


| mA |v 


2.95 
2.28 


ELECTRICAL CHARACTERISTICS (T, = 0°C to +75°C, Vo, = 5.0 V = 5%) 


CHARACTERISTIC 0°C 
MIN. MAX. 


| outoutHieh Votes Output High Voltage 


INDUSTRIAL TEMPERATURE RANGE 
| A=BOutputHigh Voltage | B | A=BOutputHigh Voltage | High Voltage 
nae Low Voltage 


SYMBOL 
QandA=B Output 


ees Low Voltage 
= B Output Only 
= a High Voltage 


A=B Output Load Current 
For “Wired AND” 


+234 15+ | Comparison Switching Speed Ne ee 


~423—15— | Aj toA=B 


LIMITS 


3.65 
3.65 


1.0 
2.36 3.2 
2.4 


+25°C +75°C UNITS 
MAX. | MIN. MAX. 


MIN. TYP. 


CONDITIONS 


low = —180 uA | V,, on any two inputs 
Me tearadicd se me 


low = —240 vA Veco = 4.5-V 
Veo = 5.5V Io, = 6.4 mA ( V., = GND for 
Veco = 4.5V Io, = 5.0 mA § A =B output only 
trp Veo = 5.9 V Io, = 4.8 mA 
— 
threshold 10 all inputs 
threshold for all inputs 
mee SS 
V. = 0. r v 
| mA = = ri: VU Vor = GND 
riactesm tesa 


a es 
pons |C, = 15 pF @ Pin 15 


CONDITIONS 


low = —180 HA § V,, on any two inputs 
Volts | 1o,, = —300 vA Wee = 4,75V 


ad a : 


i =5.25Vio = 6A mA 
Be oan Mol 


a 
Von = AV 


N= = AV V, GND on other inputs 


C, = 15.pF @ Pin 15 


FUNCTIONAL DESCRIPTION 


ASYNCHRONOUS — Fig. 2 shows the detailed logic representation of the comparator and latch (14 4510). Whenever the 4-bit data word on lines A is identical 
to the 4-bit data word on lines B the A =B output is high. If data word A is not equal to data word B the A = B output is low. 


SYNCHRONOUS — The strobe (ST) and the latch output (Q) provide storage capability of the A = B output. This function is shown in Table 1. When ST is high, 
0, equals the A = B output. When ST is low, Q,, = Qy_ |. 


DETAILED LOGIC DIAGRAM 


TRANSITION TABLE ; ks 


FOR LATCH OUTPUT (Q) 4, 


Fig. 2 


| SUGGESTED COMPARATOR EXPANSION METHODS 
CPA / 


QA 


_ ; The internal ‘‘wired OR’’ COMPARE node uses two pull-up 
OUTPUT (F.0.= 5) resistors for improved rise time, and drives an internal 
COMPARE A gate. Two COMPARE outputs may be ‘‘wire OR’d’’ ex- 


ternally to provide a 12 bit comparator as shown in Fig- 
TWO 12 COMPARE B ure 3. This may be expanded further by using additional: 
- BIT INPUTS gates. 


COMPARE A 


Fig. 3 


4510 EQUIVALENT CIRCUITS 


INPUTS | _ OUTPUTS 
Vec 
Vee 
1.88ka 
TYP 


COMPARE R=3ka TYP 
LATCH R=6ko TYP 
R : 


- LOADING RULES 


INPUT LOADING RULES (FAN-IN) 
— DTel UNIT LOADS — 


51X 39X 


Data Inputs 
Strobe Inputs 


“Wired AND”’ 


A = B Outputs 
(ST GND) 


A = B Outputs 
(ST High) 


OUTPUT DRIVE CAPABILITY (FAN-OUT) 


eC 
Ce 
six [sex | six | sox [| six | sox |] Six | sox 


aourur | 40 | 50 || 40 | so |] 30 | 30 || 30 | 30° 
9.0 4.0 4.0 5.0 3.0 


A = B Outputs 4.0 3.0 : 
(1) “Wired AND” 2 Zo 3.5 . 2.5 2.5 3.5 
1.0 2.0 1.0 1.0 2.0 


(1) “Wired AND” 3 
(1) ‘‘Wired AND’’ 2 and 3 means the number of compare outputs (A = B) that are connected together. The 
result of this ‘‘Wired AND’’ connection, logically, is a high level true ‘‘AND’’ gate.’ 


4-BIT COMPARATOR AND LAMP/RELAY DRIVER 


One-half of a 4510 dual comparator drives a discrete driver so that when Ao= Bo, Ai = Bi, 
Az = Bz, and A3 = B3 the lamp will light or the relay operate. This circuit might also be used 
for a digital printer solenoid driver. The ST input is connected through a 2 kQ resistor to Vcc so 
that Q and A = B may be paralleled for additional driver base current. 


Ag By Ay By Ay Bo Ag B3 jae 
Veco ST ss‘ 4510 Imax™ 900mA 
| a (0-75°C) 


4601 
TTL MICROMATRIX™ ARRAY INTERNAL QUARTER-CELL 


A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION — The 4601 is a single 4-4 AND-OR-INVERT (AOI) TTuL gate to be used for bread- | 
boarding logic designs planned for the 4600 or 4700 Micromatrix™ arrays. The 4601 corresponds to one of PHYSICAL DIMENSIONS 

- ; TYPICAL DUAL IN-LINE PACKAGE 
the quarter-cell gate elements that are intended for internal (on-chip) usage on the 4600 or 4700 arrays. In Accordance With | 
Standard family TTL gates such as the 9002 through 9008 may be used to breadboard the quarter-cells JEDEC (TO-116) Outline 
having external drive capability. The TTuL 9006 may be used to extend the 4601 at the OR tie points. 


pa 
pea 


FEATURES 


© “INTERNAL” TYPE LOGIC GATES FOR BREADBOARDING 4600 OR 
4700 MICROMATRIX ARRAY DESIGNS 

e CCSL COMPATIBLE | 

e OR EXTENDABLE WITH TTul 9006 

e FANOUT = 7 INTERNAL LOADS OR 4.5 EXTERNAL LOADS 

e “WIRED-AND” OUTPUT CAPABILITY 

e INPUT CLAMP DIODES FOR RINGING ATTENUATION 


ABSOLUTE MAXIMUM RATINGS (above which useful life may be impaired) 


Storage Temperature —65°C to +150°C 

Temperature (Ambient) Under Bias —55°C to +125°C 

Voc Pin Potential Referenced to Ground —0.5Vto7V ee 

Input Voltage Applied to Input —0.5Vto5.5V purvodaly shinned wal pasitive” (350) manignment fo faciitate serton 
Voltage Applied to Output When Output is High | Voc 2. PU Rea aaa le ali a .020 
Input Current Into Inputs 5 mA 

Current Into Output When Output is Low 30 mA 

Lead Temperature (soldering, 60 seconds) 300°C 


ORDER INFORMATION — Specify AGA4GO15XX where 5XX is 51X for —55°C to +125°C temperature range 
and Voc = 5 V 10%; and 59X for 0°C to 75°C temperature range and Voc = 5V +5%. | 


To order the 4600 Design Kit, specify AGA4600KTX. For the 4700 Design Kit, specify A6A4700KTX. 


CIRCUIT SCHEMATIC | a | LOGIC DIAGRAM 


PIN 14 = Vcc 
PIN 7 = GND 
_ PIN 1=NOT USED 


TYPICAL RESISTOR VALUES Logic Equation: Z= AiA2A3A4 + BiB2B3B4 +... * 
Ri = Ro = 4 KQ 


* More terms are provided with 
R3 = R4 = 1.5 KQ 


OR extension 


FAIRCHILD 
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ELECTRICAL CHARACTERISTICS: 
Temperature Range: 0°C to -+-75°C 
Supply Voltage Range: 5V +5% 


SYMBOL CHARACTERISTIC 
Output High Voltage 


VoL. Output Low Voltage 
Internal Loading 


Output Low Voltage 
External CCSL Loading 


ae Input High Voltage 
Input Low Voltage 


Input Load Current: 
Internal V. Level 
Input Load Current 
External CCSL V,. Level 


UNITS CONDITIONS 


V Veco = 4.75 V, lop = —600 vA 
V,, On Inputs 
Veco = 5.25 V, Io, = 10.7 mA 
Veco = 4.75 V, Io, = 9.3 mA 
Veco = 5.25 V, Io, = 7.3 mA | 


© 
ro) 


Oo 
a 


Veo = 475V 
Veo =45V | UF 4 


| 
— 
(op) 
fon] 


Input Leakage Current 


| Power Dissipation 


ELECTRICAL CHARACTERISTICS: 
Temperature Range: —55°C to +125°C 
Supply Voltage Range: 5V +10% 


SYMBOL 


CHARACTERISTIC 


Output High Voltage 
Output Low Voltage 
Internal Loading 
Output Low Voltage 
External CCSL Loading 


LIMITS 
UNITS CONDITIONS 
| 
V,, On Inputs : 


Veo =4.5V, Io, = 8.2mA 


V 
V Guaranteed Input High 
Threshold For All Inputs 


par 
peed 
~J 


MIN. 
hea 
7 
al OE bs 
Vi Input Low Voltage 0.7 Guaranteed Input Low 
Threshold For All Inputs 
Input Load Current | | —1.04]-1.52} | (mA [Voc =55V ly _ossy 
Internal V, Level TT 08 |-T17) P mA | Voc = 45 aa 
Input Load Current P| 1.1] Le | MA | Vc =55V ly ay 
External CCSL V, Level [0.85 ed [mA | Veg = 45 aa 
Cte |_Input Leakage Current [so [eo |_| Voc = 55V, p= 480 
Power Dissipation i a | mJ inputs Open Ty soy 
TT -_[_[ mF inputs Grounded | "°° 


LOADING RULES 


FAN-QUT (See table): WIRED ‘‘AND’’: . 
Since the 4601 internal gates have resistive pull-ups, 

The internal or ‘‘on-chip’’ fan-out of the 4601 is specified the AND tie of outputs is allowed. (See Fig. 4). 

with reduced noise margins since on-chip noise is low. If the Breadboarding of the combined outputs is: 

4601 is used specifically for off-chip driving, the maximum FAN-OUT=7 — (3) (number of outputs tied together — 1) 

fan-out must be reduced to maintain CCSL noise margins. For ‘‘on array’’ usage optional pull-up resistors allow 


fan-out as summarized below: 


EXTENSION: FAN-OUT TABLE 


Extension at the 4601 OR extender pins 9 and 6 may 
-be accomplished with TTuL 9006 dual 4 input extender 
elements. A maximum of 10 extenders (5-9006’s) may 
be tied to the 4601 pins. (See Fig. 1) 
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Three bit address ABC selects an input (lo, Ii. 
inverted form. The 4601 is OR-expanded using 3- 9006 extender elements. 


TYPICAL INPUT-OUTPUT CHARACTERISTICS 


TRANSFER CHARACTERISTIC 


ee Voc "SV 
ASS 


UNLOADED 


| CCoEAM fe 
comm orataeae ee 


Be _Kaaucam 
Danes GR ERIE Bee res 
0 2 4 6 8 LO 12 14 16 18 2.0 
INPUT VOLTAGE - VOLTS 


LOW LEVEL 
OUTPUT CHARACTERISTIC 


TT 
RnFES’ Aaa 

SUSGHOGRO) (S000 

SiSHRRUEEY /B 


28 furs on 
24 


nA 


OUTPUT LOW CURRENT flo,’ 
o 
| 
|_| 
|_| 
eae 
| 
ST 
| | USS 
= oe ae ee 
we 
ae 
| 
| 
ae 
ie 


12 16 2.0 
OUTPUT LOW VOLTAGE (Vp, ) - VOLTS 


USING “OR” EXTENSION 


lp 
A 
8 4601 
C RO OUTPUT 
I 
A | 
B 
C 
“ijecetae 9006 
i co 
B . 
t 
13 
A |) O 
B | 
C 
pee ee ~~ 9006 
i a 
B 
, c . 
A ™)o 
B 
c 
—— - 9006 
i——=J jo} 
B 
ly ? 
A To 
B 
c 
Fig. 1 


17) which is presented at the output in 
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INPUT CHARACTERISTIC 


INPUT CURRENT - mA 


LNPUT VOLTAGE - VOLTS 


HIGH LEVEL 
OUTPUT CHARACTERISTIC . 


< 
w 
< 


INPUTS GROUNDED 


< 

i 

es | ar | 

i. > inn 

2 ae 

bad a 

= 3A Be 

= Ube tose | | tT | | I I 

| See 
| aR SRE 
, Ue PE ete i tit 
1 i 34 


OUTPUT HIGH VOLTAGE (Vp),) - VOLTS 


TYPICAL APPLICATIONS — 


_ EIGHT INPUT DIGITAL MULTIPLEXER - GATED LATCH USING Two 4601 


_ Fig. 2 


4610 


DUAL TWO-VARIABLE FUNCTION GENERATOR 


TTL MICROMATRIX™ARRAY CIRCUIT 
A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION—The 4610 is a Dual Two-Variable Function Generator useful for non-arithmetic oper- 
ations and variable decision making control in central processor units. Each circuit, controlled by a common 
4-bit word, can select one of 16 possible Boolean functions performed on the two variable inputs. An 
alternate input select configuration increases circuit flexibility and allows simultaneous generation of two 
separate output functions from a single pair of variables. The circuit is produced with two layer metal inter- 
connection using the Fairchild 4600 TTL Micromatrix™ Array. 


FLAT PACKAGE 


FEATURES 

e EXPANDABLE IN GROUPS OF 2 BITS 

¢ MEMBER OF 4600 MICROMATRIX ARRAY FAMILY | 
© CCSL COMPATIBLE | 7 ak 
-¢ ALL CERAMIC “HERMETIC” 16-PIN FLAT PACK 

e TWO LAYER METAL INTERCONNECTIONS 

e SIMULTANEOUS FUNCTIONS OF 1 PAIR OF VARIABLES 


| ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Case) Under Bias —55°C to +125°C 
Vec Pin Potential to Ground Pin —0.5Vto +7V 
Voltage Applied to Outputs (Output high) Gnd to +V., value 
Input Voltage (DC) (See Note 1) —0.5V to +5.5V 
Input Current (DC) (See Note 1) —30 mA to +5 mA 
Current into Output (Output low) | +30 mA 


Note 1—either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


_ORDER INFORMATION — Specify A3L46105XX for Flat. package, where 51X is for —55°C to +125°C (Case) 
_ temperature range or 59X for the 0°C to +75°C (Case) temperature range. 


FIG. 1 — 4610 DUAL TWO-VARIABLE FUNCTION GENERATOR 
12 13 11 14 


AO AO BO BO Al Al Bl BI 


| 
| 
| 
4610 DUAL FUNCTION GENERATOR 
| 
| 
| 


FO FI 


Pin 16 = Vcc 
Pin 8 = Gnd 


SEMICONDUCTOR 
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LIMITS 


| —55°C 495°C 4+125°C 
SYMBOL MIN. MAX. | MIN. TYP. MAX. | MIN. MAX. | UNITS CONDITIONS 
3 


Veg = 4.5V, Io, = 9.92 mA 


Vou | Outputhignvorace id 2a faa 
a a eae a ee Dak eer 
threshold for all inputs | 
ee erat ints — 
. threshold for all inputs 
(See Loading F124 | : 
Rules 


Input Load Current —1.1 —1.60 Voc = 5.5V 
One Low Level Unit Load —0.85 —1.24 


2.4 
1.7 
[085-124 Veo= av | 


P. 
0.45 
Input Leakage Current 
75 ~=500 
20 


—1.24 
Ir 
(See Loading 

Rules 


Voc = 5.5V, Vp =4.5V 


Power Dissipation 
Avg. Propagation Delay 


SYMBOL CHARACTERISTIC 


Q Output High Voltage 
Vo. Output Low Voltage Veco = 9.25 V, Io, = 12.8 mA 
Vin Input High Voltage Volts Guaranteed input high 
threshold for all inputs 
Vie Input Low Voltage Volts Guaranteed input low 
) threshold for ail inputs . 


Voc = 9.0 V, Inputs open | 


2.4 
1.4 
15 
ie Sa 


Veco = 5.25 V 
Voc = 4.75 V 


lf 
(See Loading 
Rules 


Voc = 5.0V, Inputs open | 


Veo = 5.0V C= 20pf, R, =1k 


Power Dissipation 


ti Avg. Propagation Delay 


le uA Veco = 5.25V, Vp = 4.5V 
(See Loading 
Rules | 
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A detailed logic representation of the common control (S,, S,, S,, S;) and one of the two output function blocks is shown in Figure a The Truth 
Table implemented by the function generator shows the functions of input variables A and B with the 16 possible combinations of S,, S,, S,, and S, 


FUNCTION GENERATOR DESCRIPTION 


(refer to Table 1). Note that any desired output function may be chosen active level high or active level low. 


Circuit flexibility can be increased by using S,, S,, A and B inputs as controls and S,, S, as the input variables. In this mode of operation two 
separate output functions are performed simultaneously on a single pair of variables S, and S,. Refer to Table 2 below for complete truth table. 


For example, if it is desired to obtain the active high functions S, + S, and S, + S, simultaneously, S,, $, are set low, A, low, By high, A, high, and — 


i a eS a ee ee ee ee ee 


| 
L 


ameter ererPrsmraerretcerees 


FUNCTION GENERATOR 
TRUTH TABLE 
WITH INPUT VARIABLES 


ACTIVE HIGH 
FUNCTION FUNCTION 
S, | S$; | (ACTIVE LOW) | (ACTIVE HIGH) 
L A+B 


L A+B Ae 
L L A+B A -B 
LIL A+B A-B 
LIL A+B A-B 
L H A-B A+B 
L H A -B A+B 
L | H A+B A+B 
L H A-B A+B 
H | L A@B A@B 
H | L A@B A@B 
H L 1 0 
H L 0 1 
H | H A A 
H H B B 
H H A A 
H H B B 


TABLE 1 


DETAILED LOGIC DIAGRAM 


B, low. The function S, + S, will appear at the F, output; likewise function S, + S, will appear at the F, output. 


FUNCTION GENERATOR TRUTH TABLE WITH INPUT VARIABLES ACTIVE HIGH 
WHERE A, B, S,, S, ARE USED AS CONTROL INPUTS AND S,, S, ARE INPUT 
VARIABLES ON WHICH THE FUNCTIONS ARE PERFORMED. 


ztreree|zcourrere sere|[> 
tremrlamramrlmreoeer zrarle 


~ 


oe es A ee 


pzzzz|za= reer rrer|e | 


FUNCTION FUNCTION 
(ACTIVE LOW) | (ACTIVE HIGH) 


So + S, S ° S, 
S + §, So ° S, 
So + S; S ° §, 
So + §, So * 5, 


So . S, So S| 
So ° S, Sy S, 
So ° $, 8 S, 
So ° S So S, 
S S S 


a 


TABLE 2 
Note that by varying control lines S,, S,, A and B that any pair of S, and S, min terms, max terms, or symmetric function can be generated. 
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LOADING RULES 


Input Loading Rules (Fan-in) 


2. |, is defined as one unit high level load. ‘The multipliers to determine 


1. J, is defined as one low level unit load. The multipliers to determine high level unit loads for individual inputs are: a Te 


low level unit loads for individual inputs are: 


ee er LEVEL 
OUTPUT — HIGH LOW 


FAN OUT 


APPLICATIONS 


A Typical Processor Application is the transfer and logical operation control between two registers (A and B). The function generators are controlled 
by a 4-bit operation code field, S,, S,, S,, and S,. The operation code repertoire includes the 16 operations listed below. 


AND A and B to A 
AND A and B to A 
AND A and B to A 
AND A and B to A 


Exclusive OR A and B to A 
Exclusive OR A and B to A 
Reset A 

Set A 


OP CODE 
(S0-S3 INPUTS) 


mnie 


OR A and BtoA 
OR A and BtoA 
OR A and BtoA 
OR A and Bto A 


Complement A 
Transfer B to A 
No Operation 
Transfer B to A 


FIG. 3 


B REGISTER 


FUNCTION LOGIC 


A REGISTER - 
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TRANSISTOR-TRANSISTOR MICROLOGIC* 
INTEGRATED CIRCUITS 


A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 
MILITARY TEMPERATURE RANGE: -55°C to 125°C 


GENERAL DESCRIPTION 


DUAL IN-LINE PACKAGE 
The Fairchild Transistor-Transistor Micrologic® Integrated Circuit family (TTyL) combines 10-116 

a high fanout, high noise immunity, low power dissipation and good capacitive load driving 
capability with low propagation delay times. 


The circuits are fabricated within a silicon monolithic substrate using standard Fairchild 
Planart Epitaxial processes. 


TT al elements are available in two hermetically sealed ceramic packages; the Dual In-Line 
Package (DIP), designed for automated and low cost insertion techniques, and the 14 lead 
‘CERPAK® flat package. 


Worst case curves of important device characteristics are offered to assist the designer in 
achieving maximum system reliability. For additional information refer to Application note 
No. 131. 


FEATURES 


@® Single power supply requirement; 5 volts optimum, 4.5 to 5.5 volt range. 

@ Reliable operation over the full military temperature range of —55°C to 125° C. 

@ Guaranteed fanout of 10 TTuL loads over the full temperature and supply voltage range. 
@ Guaranteed minimum of 0.4 volt noise immunity at the temperature extremes. 

@ Typical ‘‘one’’ level noise immunity of 1.3 volts and ‘‘zero’’ level noise immunity of 0.8 volt. 
@ Typical power dissipation of 11 mW per gate at a 50% duty cycle. 

® Typical logic gate propagation delays of 6 ns for 15 pF, 11 ns for 150 pF of capacitance. 


@ The unique output pull-up circuitry gives a higher output ‘‘one’”’ level and can Breve’ : 
more output high current at low temperatures than conventional pull-ups. FLAT PACKAGE 


@® The input threshold of 1.5 volts and Vcc of 5 volts provides easy interfacing with the | | 
Fairchild DTuL family, and other DTL and TTL circuits. | , TOP VIEW 


® Nand gate pin configurations are compatible with DTwL. 


1. Leads are: intended for insertion in hole rows on .300" centers. They are 
purposely shipped wi ith ‘pos: aie (.350) misalignment to facilitate insertion 


2 Board-drilling dimensions should equal your practice for a conventional 020 


inch diameter lead. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc pin potential to ground —-.5to+8V 
Input Voltage —-1.5to +5.5V 

- Gate Output Voltage, Inputs Low —.5 to +Vcc-value 
Gate Current Into Output Terminal, Inputs High (except 9009) 50 mA 
Gate Current Into Output Terminal, Inputs High 9009 | 100 mA © 
Flip-Flop Output Voltage when output is normally high —.5 to +Vcc value 
Flip-Flop Current Into Output Terminal when output is normally low 50 mA 


ORDER ANFORMATION 
Flat-pack and Dual-in-line have 


To order Transistor-Transistor Micrologic elements specify U31XXXX-51X for Flat package | same pin configurations. 
and U6GAXXXX51X for Dual In-Line package where XXXX is the four-digit number denoting 
the specific element desired. 


f Planar is a patented Fairchild process. 


FAIRCHILD 


SEMICONDUCTOR 


313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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FAIRCHILD TTuL INTEGRATED CIRCUITS 


GATE ELEMENTS — 9002, 9003, 9004, 9007 


All TTuL gates are positive logic NAND gates and negative logic NOR gates. A variety of gate combinations is available which provides the system designer the 
utmost in logic flexibility and reduces package requirements to a minimum. 


BASIC GATE CIRCUIT 


Figure 1 


PIN. CONFIGURATION 


9002 . 


Figure 3 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 


SYMBOL 


LOADING RULES | 


TYPICAL RESISTOR VALUES 
Ri = Rs = 4 kQ 1 
= 15k2 | ; nD 
Rs = 1502 | 3 10° 
R. = 802 i— 
Ry = 1.25 ko 


© OUTPUT 


The outputs CANNOT be tied together for 


= *Number of inputs depends on the gate. the ‘‘wired OR’’ function. 


Figure 2 


9003 9004 9007 
1 
eo : 
a 4 6 12 
5 13 
4 6 1 8 
5 9 2 
9 10 8 3 
i i 
3h 3c 3d 
Vcc =PIN14 GND=PIN7 
LIMITS ’ 
ce UNITS CONDITIONS & COMMENTS 


MIN. MAX. 
7 Volts Vee = 4.5 V, lon = 1.0 mA 
Vic = value indicated below on — 


this table. 


Vor Output Low Voltage Volts Veco = 5.5 V, lor = 17.6 mA 
Veo = 4.5V, lo. = 14.5 mA 
Vin Input High Voltage 1.7 4 Volts Guaranteed input high threshold 
for all inputs. 
Vin Input Low Voltage Volts Guaranteed input low threshold 
for all inputs. 
lk “input Load Current = 110: 116 peat ms Vec=5.5V | Ve =04V,Ve =4.5V 
E | Input Load Current 0. 7 -1 - Vcc = 4.5 | on other inputs 
lr | Input beakage Current uA Vec = 5.5 V, Ve = 4.5 V, Gnd. 
es 2 on other inputs 
trae __| Turn Off Delay ed oo Voc = 5.0V, C. = 15 pF (see fig. 5b) 
fogs | Turn On Delay | 3.0 10 ns Voc = 5.0 V, C. = 15 pF (see fig. 5b) 


FAIRCHILD TTpL INTEGRATED CIRCUITS 


GATE ELEMENTS — 9002, 9003, 9004, 9007 (continued) 


WORST CASE WORST CASE 
WORST CASE LOGIC LEVELS HIGH LEVEL NOISE IMMUNITY LOW LEVEL NOISE IMMUNITY 
VERSUS TEMPERATURE VERSUS TEMPERATURE VERSUS TEMPERATURE 
3.0 

; = reg a a 
rer il Ft Cots g SEE 

| g 7 ae - Paes : fedlleahasl id 

oe Ea 2e ee ee ee el Z Ei 

g ee HP = ez = Edt alle 

! ay a a ead ¥ roa es, ¥ aes oo 

} pp Lee s apes Its 

ae ie A ee Pan Bal sie afc 

| tat |. ae 

| jolt a hime 

-55 *=55 35 125 : 

Fig. 4a Pact - © 3 Fig. 4b TEMPERATURE - °C . Fig. 4c TEMPERATURE - °C 

! WORST CASE POWER DISSIPATION ee 

VERSUS SUPPLY VOLTAGE WORST CASE POWER DISSIPATION WORST CASE TURN OFF DELAY 

: (PER GATE) VERSUS FREQUENCY (PER GATE) VERSUS TEMPERATURE 


Veg 7 5.0V 
50% DUTY CYCLE 
C, = 1S pF 

SEE FIG. 5a 


mw 
mW 


Thg* ~ TURN OFF DELAY ~ ns 


POWER DISSIPATION - 
POWER DISSIPATION - 


Fig. 4e FREQUENCY - MHz Fig. 4f 


WORST CASE TURN ON DELAY 
VERSUS TEMPERATURE 


ns 


| ‘Bas 
| ay ass 
ERS ae 
‘B ee ees 
| a a 
: | a tt nee] 
/- 0 me 000 ee es ees ce se ee 
-55 25 125 
| FIGURE 4 Fig. 4g TEMPERATURE ~ °C 
| AC POWER TEST CIRCUIT 
i 
i Vin Vcc So 
f ~ 1 MHz 
Amp ~ 4V = = = = 
— Width ~ 200 ns 
= = = Power=][ x V 
es a pone t= t, <10 ns | 
| SWITCHING WAVEFORM 
Vin | VIN 
50% Duty Cycle a cs ee i 1.5V 
Jira. Amp ~ 4 V . | | 
t,=t,<l0ns | todt¢ =] —e|  f—— tpa- 
| | | 

oa ee 1.5V 
Vout 
| 
~< NOTE: Capacitance includes probe and jig capacity. NOTE: Capacitance includes probe and jig capacity. 
| FIGURE Sa ~All inputs are to be tied together. _ FIGURE 5b All inputs are to be tied together. 
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| FAIRCHILD TTL INTEGRATED CIRCUITS 


POWER GATE ELEMENT -—— 9009 


The TTuL 9009 element is a NAND power gate capable of driving and sinking large currents for high fan-out applications. 
For noise immunity: and operating level curves, refer to the gate section. 


LOADING RULES: 


' The outputs CANNOT be tied together for 
the ‘‘wired OR’’ function.. - 


NPN HY 


TYPICAL RESISTOR VALUES 
Ri = 2.2kQ R, = 500 
R. = 4500 Rs = 4kQ 
R; = 15002 R, = 4002 


PIN CONFIGURATION 


1 
2 
4 6 
5 
9 
10 
12 8 
13 
| 
Vcc = PIN 14 GND = PIN 7 | 


ELECTRICAL CHARACTERISTICS 


SYMBOL} CHARACTERISTIC = Jou CONDITIONS & COMMENTS 


Vou Output mee Voltage 2. rn re 24 Volts Veo = 4.5 V, lon = 3.0 mA 

Vit = value indicated below on 

this table. | 
Vou Output Low Voltage 0.2 0.4 0.4 Volts Vec = 5.5 V, lo. = 52.8 mA | 
| Vee = 4.5 V, lor = 42.9 mA | 
Vin Input High Voltage 1.4 Volts Guaranteed input high threshold 

for all inputs. 
Vit Input Low Voltage Volts Guaranteed input low threshold 

for all inputs. 


; input Load Current ~195 — 352 
le Input Load Current = .6e eg 


Ir Input Leakage Current 200 


— 
the | Turn Off Delay _ ee ee rd 
tha __| Turn On Delay ey 2) 


Veco = = 55 V Ve — 0.4 V, Ve ss A5 V 
Vec = 4.5V | onother inputs 


Vec = 5.5V, Va = 4.5V, Gnd. on | 
other inputs. 4 


Voc = 5.0 V, C. = 15 pF (see fig. 2a) 
Vec = 5.0 V, C. = 15 pF (see fig. 2a) 


> 


Val 


3-36 


POWER GATE 


on 


FAIRCHILD TTpL INTEGRATED CIRCUITS 


ELEMENT — 9009 continued) 


mW 


POWER DISSIPATION - 


ns 


ted? - TURN OFF DELAY - 


WORST CASE POWER DISSIPATION 
VERSUS COLLECTOR SUPPLY 


VOLTAGE (PER GATE) 


Veo” SUPPLY ae: VOLTS 


WORST CASE TURNOFF DELAY 


SEE FIG. 2a 


veooov{ | | | | tt | 
[ae i ee 


VERSUS TEMPERATURE 


25 195 
TEMPERATURE - °C 


‘tpd TEST CIRCUIT 


WORST CASE POWER DISSIPATION 
VERSUS FREQUENCY (PER GATE) 


Voc.* 5.0V 

50% DUTY CYCLE 
C, * 15 pF 

SEE FIG. 2b 


POWER DISSIPATION - mW 


“FREQUEN 


is) 
< 


- MHz 


WORST CASE TURN ON DELAY 
VERSUS TEMPERATURE 


ns 


- TURN ON DELAY - 
Ss 


TEMPERATURE - 


vecrstv | | Tt ot tt 
SEE FIG. 2a REZ ES ES | 
ae ae ee eam 


a 


- SWITCHING WAVEFORM 
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. | es ee 1.5V 
f ~ 1 MHz VouT 
Amp =~ 4V. = = = = 
Width ~ 200 ns 
t. = t, <10 ns 
mes oh. 2 NOTE: Capacitance includes probe and jig capacity. 
All inputs are to be tied together. 
FIGURE 2a 
AC POWER TEST CIRCUIT 
JUL nee 
50% duty cycle - O.33pF > Power=I x Vcc 
Amp ~ 4V te = = 
t, = t, <10 ns = 
NOTE: Capacitance includes probe and jig capacity. 
All inputs are to be tied together. 
_ FIGURE 2b. 


FAIRCHILD TTuL INTEGRATED CIRCUITS 


EXPANDABLE GATES — 9005, 9006, 9008 
The TTuL 9005 and 9008 are AND-NOR gates which may be NOR expanded with the use of the 9006 element. 


For noise immunity and operating level curves, refer to the gate section. = 
9005 _ ieee i PIN CONFIGURATION LOADING RULES: 
- TYPICAL RESISTOR VALUES 7 1 
ro R; = R, = 4kQ 1 1 10 
R2 agg 1.5 kQ 13 8 1 * 
 R, = 1502 9 il : * | 
Rs = 802 10 EMI | 
12 ‘ 
R, = 1.25 ka 2 COLL. aiid 
—Oo : 6 
4 : 
| 5 
Vcc = PIN 14 GND = PIN7 
Figure 1 = 
9006 Voc PIN CONFIGURATION LOADING RULES: 
R} TYPICAL RESISTOR VALUE ‘4 sy 
R, = 4kQ ; COLL. =D; 
3 ll 
‘ EMIT. 1 
% Q2 4 ‘ 1 
oh =. 
e EMIT. 
Figure 2 | Voc = PIN 14 GND = PIN 7 
9008 , . PIN CONFIGURATION LOADING RULES: 
; 1 
13 1 
1 1 
" 2 ; 10 
: ° ; , ° 3 8 : x 
: : 5 : 9 11 . 
‘ 10 EMIT. ; 
: 12 
Rg TYPICAL RESISTOR VALUES 2 a *Four Expanders (9006) may be 
Figure 3 1 R, =R, =R, = {R= 1502 1 tied to these terminals. 
— Rs = Re = 4k | Ry = 800 Voc = PIN 14 GND = PIN 7 
33> 1.5 kQ Ro = 1.25 kQ 


ELECTRICAL CHARACTERISTICS 


LIMITS 
125°C | _UNITS CONDITIONS & COMMENTS 
MIN. TYP. MAX. | MIN. MAX. | 


Vu = value indicated below on this table 

Veco = 4.5 V, lo. = 14.5 mA 
Vin InputHigh Voltage | 20  ™‘|[17 [14 | Volts | Guaranteed input high threshold for all inputs. 
Viv ‘InputLowVoltage | $$$08 | 09 | ~~ 08 | Volts | Guaranteed input low threshold for all inputs. 
| Input LoadCurrent_ | 1.76 | -110 -176 | -176 | mA_| Vec=55V | Vp =04V,Ve=45V 
k___|Input Load Current | 145 | -0.97 -145 | 145 | mA__| Vec=45V | onoother inputs 
le Input Leakage Current Vec = 9.9 V, Ve = 4.5 V, Gnd. on other inputs 


> 


tras. Defined in Test Circuit 12. Vec = 5.0 V, C. = 15 pF 


Applies to 9005 nonexpandable Gate only 
Vec = 5.0 V, C= 15 pF 

Applies to 9005 nonexpandable Gate only 
Veco = 5.0 V, C. = 15 pF, Cy = 5.0 pF 
Applies to 9008 and 9005 Expandable Gate 
Vec = 5.0 V, C. = 15 pF, Cun = 5.0 pF 
Applies to 9008 and 9005 Expandable Gate 


| ns | 9006 only ) 
The 9006 shall be tested by measuring 
its propagation time through the 9005. 
The tpa reading shall not exceed the 
9005 reading by the specified amount. 


tpa- Defined in Test Circuit 


Oo 
ro" 
NO 


Defined in Test Circuit 


tpa- Defined in Test Circuit 


Lot) 
— 
S&S 


Atpa, | See Comment 
Atpa- | See Comment 


~~ 
a] 
a. 
+ 
| 
— 
on 


SO 
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FAIRCHILD TTpL INTEGRATED, CIRCUITS z 


EXPANDABLE GATES — 9005, 9006, 9008 (continued) 


WORST CASE POWER DISSIPATION WORST CASE POWER DISSIPATION WORST CASE TURN OFF DELAY OF 
OF 9005 VERSUS SUPPLY OF 9008 VERSUS SUPPLY EXPANDABLE GATE VERSUS 


VOLTAGE (PER GATE) VOLTAGE TEMPERATURE 


oe a 
pee en a 
ees 


"ON" CONDITION: 


“1 "ON" CONDITION: 
ALL INPUTS OPEN 


ALL INPUTS OPEN 


"OFF" CONDITION: 
ALL INPUTS GROUNDED 
EXCEPT EXTENDERS 


"OFF" CONDITION: 
ALL INPUTS GROUNDED 
EXCEPT EXTENDERS 


- mW 
mW 
- ns 


> 2 
=< Zz = 
: : = ot} 
ee . ar a el 
5 S 'R Ree 
2 i 
= 
ry ee oe 
4.5 5.0 5.5 ~55 25 . 125 
SUPPLY VOLIAGE - VOLIS . TEMPERATURE - °C 
WORST CASE TURN ON DELAY OF WORST CASE TURN OFF DELAY OF WORST CASE TURN ON DELAY OF 
EXPANDABLE GATE VERSUS NONEXPANDABLE GATE VERSUS NONEXPANDABLE GATE VERSUS 
TEMPERATURE . TEMPERATURE TEMPERATURE 
ee ae a RRS 
THE SeCiruaane Rte le etal asec aes SEE FIG. 4 
; 25 FE HALF OF THE 9005 > 25 
. wea a Pas 5 ee 
: ; Ac tolebeibases) se (ala a 
fF S a oaeee MAXIMUM @ 150 pF ES 
S . Zz 35 pt 
: : | ESS aca 
a = aor FL ER KLE_[wctmume a5 96 
- ? tag (eat Oi 
: SeeSeERnne 
ie i oH il ER Stee 
-55 25 125 -55 25 125 
TEMPERATURE - °C y TEMPERATURE - °C TEMPERATURE - °C 
tpd TEST CIRCUIT | SWITCHING WAVEFORM 
9005 NONEXPANDABLE GATE ONLY 
VIN 
Re IR ON a as ae rk 1.5V 
me i Oe 
toedt—ey ef td - 
f ~ 1.0 MHz | 
Amp = 4.0 V0 le ee ae ee a er 1.5V 
Width ~ 200 ns | Vout 
a e NOTE: Capacitance includes probe and jig capacity. 
All inputs are to be tied together. 
‘Figure 4 
tpd TEST CIRCUIT 
9005/9008 EXPANDABLE GATE AND 9006 EXPANDER 
STL 9005/9008 
f ~ 1.0 MHz 
Amp ~ 4.0 V 
Width ~ 200 ns 
i, = t, <10 ns 
NOTE: Position (2) is used to test 9005/9008. 
Position (1) is used to test 9006. 
Capacitance includes probe and jig capacity. 
Figure 5 
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Z FAIRCHILD TTpl INTEGRATED CIRCUITS 


-J-K FLIP-FLOPS — 9000, 9001 


GENERAL DESCRIPTION — The TTul family includes the 9000 and 9001 flip-flops to satisfy the storage element needs of a logic cistern Each is a master- ave 
JK flip-flop with the same multi-emitter inputs and low impedance active pull-up outputs common to the gate elements. 


The internal JK connections assure the user of non-ambiguous operation for all input states. The master-slave design with buffered clock input offers high noise 
immunity, low clock loading and eliminates the need for careful control of clock pulse rise or fall times. Data is accepted by the master when the clock is in 
the low logic state. Transfer from master to slave occurs when the clock goes from the low to the high logic level. When the clock is in the high logic level both 
J and K inputs are inhibited. For this reason it is desirable to maintain the clock pulse in the high level most of the duty cycle. Direct set and reset inputs 
provide true asynchronous control of both master and slave flip-flops independent of logic and clock input levels. 


A common J-K input is provided which is useful in the physical layout of most logic configurations. 


The two circuits are identical with a few exceptions. The 9000 has capacitors at the outputs of the J and K data input gates in the master flip-flop. The capaci- 
tors serve to lengthen the time requirements between J or K data and the low-to-high clock transition. This feature makes the 9000 particularly attractive for 
applications where clock skew is an important consideration. 


The 9001 provides one J and one K input for additional logic flexibility. It has no master flip-flop capacitors to extend the set-up time and therefore has ¢ a 
higher toggling rate. 


The important characteristics of the two flip-flops are illustrated in the following curves and specifications. Noise immunity and operating level curves shown 
in the gate section of the data sheet are applicable to the flip-flops as well. 


LOADING RULES | 


FLIP-FLOP INPUTS LOADING* 
CP, ji, jn, J;, Ki, K2, Ks, Ja, K, l 
JK 2 
Sp, Co 2.7 
OUTPUTS FAN-OUT 
Q,Q | 10 
VCC = PIN 14 
GND = PIN7 | *1 load=1 TTL Gate Input Load 
TRUTH TABLES a 
SYNCHRONOUS ENTRY ASYNCHRONOUS ENTRY 
J-K MODE OPERATION Independent of Clock and Synchronous Input 
INPUTS @ t, OUTPUTS @ th: INPUTS OUTPUTS 
(5) (5) - = 

JK de J, : ); Ki °K, K; Q Q Sp Cp Q Q 

1 4 5 12 3 10 1!i ~—6 8 2 13 6 

L X X No Change (4) 

H L L No Change (4) L L H H 

H L H L H L H H L 

H H L H L H L L H 

H H H Toggles H H No Change 


NOTES: 

(1.) H = Most positive logic level. 

(2.) L = Most negative voltage level. 

(3.) X = Could be high or low. 

(4.) For no change of outputs, the J and K inputs or the common JK input must remain low from the time the clock goes low to the time the clock goes high again. 
(5.) The 9001 has inverted J, (Pin 5) and K, (Pin 10) inputs. When not in use, they must be grounded. 
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FAIRCHILD TTL INTEGRATED CIRCUITS 


9000 SCHEMATIC DIAGRAM 9001 SCHEMATIC DIAGRAM 


Voc 
. Y : 


16 


Q18 


VCC = PIN 14 
GND = PIN7 


TYPICAL COMPONENT VALUES | TYPICAL COMPONENT VALUES 


Ri, Ra, Rs, Re, Rio, , R,, Ra, Rs Re, Rio Rig, Riz, Rai, 
Ria, Riz, Rai, Roo, Ros, Ros = 4kQ Roe , Ros Roa, Rog » Rog = 4 kQ 
Ro, Ra, Re, Ry = 2 kO | Re, Rs,ReRy = 2 k2 
Ro, Ris = 6k Re, Ris, Roe Rs = 6 kQ 
Ri, Rie = 1.5 kQ Ri Ris = 1.5 kO 
Ri2, Rig = 150 Q Ri2 ’ Ris — 150 Q 
Ri3, R20 = 80 02 Ris ’ Ro = 80 Y 
Ris, Ro», Ros = 1.25 kQ R iS» Ro» F Ros P R27, R30 —_ 1.25 kQ 
C:, 0, = 10 pF 
Figure 6 . Figure 7 


9000 AND 9001 FUNCTIONAL LOGIC DIAGRAM 


9000_ 
Soa | 
i] . 1 

Jo O 

J3 99001 

CPO »- 

JKO 

K, 9000 
oats 
! gy 

20-4 {> 

K3 > 9001 


Figure 8 
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FAIRCHILD TTuL INTEGRATED CIRCUITS 


J-K FLIP-FLOPS — 9000, 9001 (continued) 
“ELECTRICAL CHARACTERISTICS __ | 


SYMBOL} CHARACTERISTIC 


LIMITS 7 | 


125°C | ‘UNITS CONDITIONS & COMMENTS 


MIN. MAX. | MIN. TYP, MAX. | MIN. MAX. 
Vou | Output High Voltage 24 27 Vee . 4.5 V, low = 1.0 mA, Vion 
asynchronous input 
Vo. | Output Low Voltage 0.2 04 Vee = 45 v lo. = 145 mA 
ce = JV, lo. = L/./ Mm 
Vin Input High Voltage Guaranteed input high threshold for all inputs 
Vin Input Low Voltage 8 | ™~*~<‘“‘it YT 8 | (Nts | Guaranteed input low threshold for all inputs 
| Input Leakage Current | uA Vec = 5.5 V, Ve = 4.5 V, 
lk J, K, J, K & Clock Inputs Gnd. on other inputs 
2 Ip J-K Input 
Irs Asynchronous Inputs 
Input Load Current 
i ye K & Clock Inputs Ve = 0.4V 
2 Ir -K Input Ve = 4.5V 
lest Asynchronous Inputs on other inputs 
lr —0.91 —1.45 
: le ; 
FS! . . ; 
toa PT ns | 9000 or 9001 
te [| id ~*~ | 80000 9001 |v gy 
tratoue | See Fig. 8 fot ints | 9001 only C. = 15 pF 
: : ee test circuits 
set-up See Fig. 8 le woe nce 10 6 es 9001 only and curves. 
Negative Clock 15 10 | ns 9001 only 
pulse width Toggle condition 
9000 & 9001 WORST CASE MAX. & MIN 
WORST CASE POWER DISSIPATION WORST CASE MAX. & MIN. te PROPAGATION 
VERSUS CLOCK INPUT toa, & toa. PROPAGATION DELAYS — ASYNCHRONOUS 
FREQUENCY DELAYS — CP TO OUTPUTS INPUTS TO OUTPUTS 
52 
Neon [ee 7 
ct nC ea 
; Lec aaa é 
: 7 Sena ene Ase . 
S S J MAX tg- eA S 
g 2 a a a z 
: ies A * 
: 2 eee a. 
: HES 
Pg el ON | tc ‘ 
“Tae Te 


-55 25 125 -55 
f - FREQUENCY - MHz . Fig. 2 TEMPERATURE - °C Fig. 3 TEMPERATURE - °C 
INCREASE IN ASYNCHRONOUS 9001 
OR CLOCK INPUT t,4, AND t,a- WORST CASE SET-UP/ RELEASE 
DUE TO OUTPUT CAPACITANCE TIME & NEG. CLOCK PULSE WIDTH 


INCREASE IN PROPAGATION DELAY - ns 


NEGATIVE CLOCK PULSE WIDTH, SET-UP/RELEASE TIME - ns 


0 40 80 120 160 200 fz ; 
Cc, - LOAD CAPACITANCE - pF @ BOTH OUTPUTS TEMPERATURE - °C 
Fig. 4 | | 


FAIRCHILD TTpL INTEGRATED CIRCUITS 


J-K FLIP-FLOPS — 9000, 9001 (continued) 


SWITCHING TIME TEST CIRCUITS 


9000 
teat and teas 


Frequency — 2 MHz 
Pulse Width — 250 ns 
Rise Time < 15 ns 
Fall Time < 15 ns 
Amplitude ~ 4V 


ALL INPUTS 
TIED TOGETHER 


Vin | | | R=2K +5% 12 W 
jw— togt —— tod- 
C, =— 15 pF + 5% 


oe - Sf —$_1—_— C, = 15 pF +5% 
Vout WAVEFORMS 


Figure 9 


9001 
toa and tpa- 


Frequency — 2 MHz 
Pulse Width —. 250 ns 
Rise Time < 15 ns 
Fall Time < 15 ns 
Amplitude ~ 4 V 


1.5V 
Vin S| : R= 2K 45% %)W 
—— togt <—— tod- 
| | | == 15 pF + 5% 
| Wf C, = 15 pF +5% 
Figure 10 Vout | WAVEFORMS 


SWITCHING NOTES 

(1) The load capacitance indicated in test circuits includes the capacitance of probe and jig. | 

(2) All curves represent worst case composites of the behavior of limit devices. A typical device will not necessarily follow the temperature trend indicated by the curve, but 
should always be better than the worst case curve at any temperature in the range. 

(3) Sensitivity of all switching parameters to supply voltage change (within range of 5 V — 10%) and D.C. loading is very small. 

(4) Figure 4 should be used with Figs. 2 and 3 to determine worst case delays with capacitive loading greater than 15 pF. 


(5) Allowable clock skew < teas (Min.) + trotease (Max.) 
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FAIRCHILD TTpL INTEGRATED CIRCUITS 


J-K FLIP-FLOPS — 9000, 9001 (continued) 9000 teu and treiease TEST CIRCUIT 


R = 2k, +5%, 14 w 


_ = 15 pF 
Frequency —, 2 MHz C, = 15-60 pF 
Rise Time < 10 ns C, = 15-60 pF 
Fall Time < 10 ns Cp = 15-60 pF 
Amplitude — 4V 
INITIAL ADJUSTMENT 
1. With switch in t release position adjust pulse generators, oy | 
C, & C, for proper Vop, V, & Vp waveforms and t release TN OP fea ge Nace ey 


limit value. <0.4V 


>3.0V Lt RELEASE OR t SET-UP 
| a aa Sa) "SY Aca 
value — 
Veo ee or 
>3.0V 


t set-up is defined as the minimum time required for a ONE to be pres- Se Ne ae 


ent at the logic input prior to the clock transition from low to high in 


t release is defined as the maximum time allowed for a ONE to be pres- 
ent at the logic inputs prior to the clock transition from low to high in Sora 
order for the flip flop not to respond. VouT FOR GOOD DEVICE WITH SWITCH IN t SET-UP POSITION 


1.5V 


Figure 11 


9001 tyerup ANd treicase TEST CIRCUIT 


af % 
Ts] goo 
5] 9002 


R = 2k, 9%, 14 w 
C, = 15 pF 
Frequency — 2 MHz C, = 15 pF 
Rise Time < 15 ns ee; C, = 15-60 pF 
Fall Time < 15 ns | ere age aaa) ie le C, = 15-60 pF 
Amplitude — 4 V cen C, = 15-60 pF 


INITIAL ADJUSTMENT 


1. With switch in t release position adjust pulse generators, i ad 
C, & C, for proper Vey, V; & Vp waveforms and t release Yop 7 _ . 1.5V 
limit value. <0.4V 


Lt RELEASE OR t SET-UP 


2. With switch in t set-up position adjust C, for t set-up limit oo 


value 20.4V - ee 
‘ ; cree aa 


t set-up is defined as the minimum time required for a ONE to be pres- 
ent at the logic input prior to the clock transition from low to high in 
order for the flip flop to respond. <0.4V.  VoyT FOR GOOD DEVICE WITH SWITCH IN t RELEASE POSITION 


>3.0V 


1.5V 


t release is defined as the maximum time allowed for a ONE to be pres- 
ent at the logic inputs prior to the clock transition from low to high in — 
order for the flip flop not to respond. Vout FOR GOOD DEVICE WITH SWITCH IN t SET-UP POSITION 


Figure 12 
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CCSL COMPOSITE DATA SHEET 


COMPATIBLE CURRENT SINKING LOGIC 
-55°C T0 +125°C TEMPERATURE RANGE 


CCSL LOADING RULES 


The first step towards realization of a compatable logic family is to establish optimized input-output logic levels. These levels. 


determine the noise immunity for all the elements, as well as the basis for system interfacing. 


Fairchild CCSL loading rules guarantee the optimum logic levels over the full military temperature range of -55°C to +125°C with 
Vo C supply within the range of 5V +0.5V. These same logic levels, as well as the input load and output drive factors arealso 


guaranteed over the temperature range of -20°C to +100°C, for all CCSL elements. These guaranteed levels are: 


Low level output voltage (Vor) = 0.4V_ 
High level output voltage (Vor) = 2.5V 
Low level input voltage (Vir) = 0.7V 
High level input voltage (Vie) = 2.1V 


Noise immunity is derived from the above numbers according to the following equations. 


1. High level noise immunity = Von - Vin 


2. Low level noise immunity = Vin, - VoL 
Once the logic levels and DC noise margins are established, interfacing rules can be resolved. To simplify input loading and out- 


put drive capability, load factors and drive factors were assigned to each element. 


These factors are written as aratio, butare not defined as an arithmetic ratio. The numerator can be added or subtracted independ-. 


ent of the denominator and vice versa. This ratio form was chosen for convenient loading rule analysis. 


. High Level Load Factor 


Load Factor = Tou Level Load Factor (Shown as ratio on inputs to circuits) 


duce . High Level Drive Factor ; ee 
Drive Factor = Tow Level Drive Factor, (Shown as ratio on outputs of circuits) 
Where: | 
High Level Load Factor = Input current drawn into the inputs, during the High Input Level State. 
Low Level Load Factor = Input current drawn out of the input during the Low Input Level State. 
High Level Drive Factor = Ability of the output to supply current out of the output during the High Output Level State. 


Low Level Drive Factor = Ability of the output to sink current into the output during the Low Output Level State. 


A necessary condition is that the High Level Drive Factor must be equal to or greater than thesum of the Driven High Level Load Factors 
and the Low Level Drive Factor must be equal to or greater than the sum of the Driven Low Level Load Factors. Both High Level Drive 


and Load factors and Low Level Drive and Load factors must be considered if efficient interfacing is to be accomplished. 


E=AIRCHILD 


SEMICONDUCTOR 
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The load factors given are based on worst case conditions at both -55°C and +125°C. Input Low Level Load Factors are guaranteed with 
the Low Level Output Voltage (Vor) applied tothe inputs. Input High Level Load Factors are tested with arbitrarily selected voltages 
much higher than the VoH value. 

If the temperature range is restricted to -40°C to +110°C or the Voc range to 4.75 to 5.25V, a 10% increase in drive factors may 


be used, 


Examples: A. lo B. 20/ ° 


(1) DTuL Gate (6K pullup) driving LPDTL Gates (2) TTL gate driving DTL Gates 


Example A 


Maximum load = 12 LPDTL gates. Limited by the high level drive capabilities. In this case the Low Level Load is only 12, and 
the drive capability is 65. Reference tothe curves shown in Figure 1, will show this node to havea maximum V, L= 100mV andtherefore 


O 
a worst case Low level noise immunity of 0. 6 volts. 


Example B 


Maximum load - 12 DTL gates, limited by low level drive capabilities. Here the high level load = 12 and the drive capability is 
200. 


LIMITED LOADING APPLICATIONS 


The curves shown in Figures 1, and 2 show improvements in the low level noise margin for TTL and DTwL. DTyL isshownwith 6K 
or 2K pullup resistors. 


Example: A TTL gate type output can drive a maximum of 120 low level loads and meet a guaranteed Voy of 0.40 volts. If, how- 
ever, this same output is only driving 50 low level loads, the worst case VoL at that output would be 0. 20 volts and the worst case 


low level noise immunity would be 0. 50 volts. 


Figure 2 shows similar low level curves for the TTL and DTyL Buffers. 


Figure 3 shows the increase of Von of a DT uL output high level if the high level loads are less than the maximum specified in the 


CCSL loading rules. This drive is determined by using a -30% tolerence resistor and is guaranteed by D.C. testing. 


Figure 4 shows changes in Von for DTywL devices which have 2K pullup resistor. The test point guarantees a Von 4.0 volts with 


24 high level loads being driven. The increased number of loads which can be driven and still meet the CCSL V of 2.5 volts is 


OH 
based on a worst case maximum tolerance pullup resistor as determined by D.C. testing. If less than 24 high level loads are 


driven, the increase in Von is determined by the worst case minimum tolerance pullup resistor, 


TTL and LPDTyuL devices having active pullups are relatively immune to changes in the high level loads. Their V level is 


OH 
"s below V_.. 


| primarily set by being 2VeaF CC 
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| CCSL COMPOSITE DATA SHEET 


SPECIAL APPLICATIONS 


When using the DTyuL 9944 element, the following currents represent unit loads, and must be considered when choosing different 


external collector resistors. 
-55 C +25 C -~125 C 


Voc = 4,5V High Level 3uA 3uUA 5 LA 
Low Level ~L2ZiImA Not worst Not worst 
case case 
Voc = 5.90V High Level Not worst Not worst Not worst 
| case case case 
Lower Level ~151mA 4 154mA 146mA 


“WIRED OR” APPLICATIONS 


For elements 9930, 9962, 9946 and 9936 add 24 to the High Level Drive Factor and subtract 9 from the Low Level Drive Factor for 
each added gate, | 


For elements 9041, 9043, 9046 and 9048 using one internal 152 pull-up resistor the High Level Drive Factor becomes 14 and the Low 
Level Drive Factor becomes 7. Subtract 2 from the High Level Drive Factor for each added gate. 


Note 1 


If the minimum temperature is limited to -30°C, the Low Level Drive Factor is 12. 


CCSL INPUT LOAD & DRIVE FACTORS 


QUAD 2-INPUT NAND GATES 


9002 9046 9946 9949 — 


a 20 gh "0" ‘Ao TT” ‘Ao Fs 


TRIPLE 3-INPUT NAND GATES 


*See Note 1 
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CCSL INPUT LOAD & DRIVE FACTORS 


DUAL 4-INPUT NAND GATES 


DUAL 3-INPUT NAND GATES 


9041 9042 


2/; LR 2/, LR 
, =[f-couector " ST 2%0" 
EF NODE 
LR=LOAD RESISTOR OUTPUT, EF=EMITTER FOLLOWER OUTPUT 


3 & 4-INPUT NAND GATES 


LR=LOAD RESISTOR OUTPUT 


mr St AE OARS On ER 


DUAL AND/NOR FUNCTION 


9005 
20/5 — 
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*See Note 1 


CCSL COMPOSITE DATA SHEET 


CCSL INPUT LOAD & DRIVE FACTORS 


DUAL 4-INPUT EXPANDERS 


9006 9933 


HEX INVERTERS 


9935 9936 


NODE p= Yo DS 


2-2-2-3-INPUT AND/NOR FUNCTION 


9008 
20/5 


" 200/00 


DUAL 4-INPUT BUFFERS 


f = fp rong I =D saa 
" EMITTER i 


9937 


4o poss 


DUAL 4-INPUT DRIVER 


944 


9 
OPEN 
4 0 =_ eae 
" 


CCSL COMPOSITE DATA SHEET 


CCSL INPUT LOAD & DRIVE FACTORS 


R-S FLIP-FLOPS 


J-K FLIP-FLOPS 


* See Note l 
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CCSL INPUT LOAD & DRIVE FACTORS 


BINARY ~ ONE-SHOTS (MONOSTABLE) © 


9950 | 9941 & 9951 
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CCSL COMPOSITE DATASHEET 


CCSL INPUT LOAD & DRIVE FACTORS 


DUAL FLIP-FLOPS | | DUAL FULL-ADDERS 
(continued) | 


fg [ 
AE: qc 
4g 
| 2/0 I. HG 
80, 5a Yi08 


OUTPUT LEVELS VERSUS LOADING 


- BUFFER ELEMENTS 


OUTPUT LOADS (LOW LEVEL) 
OUTPUT LOADS (LOW LEVEL) 


OUTPUT LOADS (HIGH LEVEL) 


OUTPUT LOADS (HIGH LEVEL) 


* See Note l 


TTpL9OI6 
HEX INVERTER 


TRANSISTOR-TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 
| A FAIRCHILD COMPATIBLE CUURRENT SINKING LOGIC PRODUCT 


TYPICAL DUAL IN-LINE PACKAGE 


GENERAL DESCRIPTION 


The 9016 consists of six TTyuL gates where each gate performs a single inversion function, 


- 


020 MIN. }»—.350 mAx.—={— NOTE 1 "| 


-125 TYP. 


Designed for high speed operation, the 9016 is very useful where a number of complement sig- 


nals are desired simultaneously. 


FEATURES 


High Speed Operation 
Input Diode Clamping 
High Capacitive Drive Capability 


The input/output characteristics provide easy interfacing with |__2e0__| 
Fairchild DT iL, LPDTyL, TTL and MSI families (CCSL. ) 


@ All ceramic "HERMETIC ve packages purposely shipped wittt ‘positive’ (.350) misalignment to facilitate insertion. 


2. Board-drilling dimenstons should equal your practice for a conventional .020 
inch diameter tead. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) TYPICAL FLAT PACKAGE 
W 
Storage Temperature -65°C to +150°C ee 
Temperature (Ambient) Under Bias -55°C to +125°C 
Vo C Pin Potential to Ground Pin -0,. 5V to +8V 
Input Voltage -0. 5V to +5. 5V 
Voltage Applied to Outputs -0. 5V to +Viac value 


JRDER INFORMATION 


Specify U3I90165XX for flat package and U6A90165XX for Dual-In-Line package, where 5XX 
is 51X for -55°C to +125°C temperature range or 59X for the 0°C to +75°C temperature range, 


LOGIC DIAGRAM 


4 


6 

VCC = Pin 14 
8 

GND = Pin 7 
10 


12 


HL 


SEMICONDUCTOR 


313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 


3-53 


TRANSISTOR-TRANSISTOR MICROLOGIC®1. C. 


ELECTRICAL CHARACTERISTICS 0°C to +75°C, Vec=5.0V +5% 
LIMITS 


+25°C ae 5°C 
se ae MIN, TYP. MAX, . MAX, 


SYMBOL CHARACTERISTICS UNITS 


CONDITIONS & COMMENTS 


Output High Voltage Volts |- Voc = 4,75V, lon =-1,2 mA 
IL VALUE INDICATED 
BELOW 
Voc = 5,25V, lor, = 16.0 mA 
Input High Voltage Volts Guaranteed input high threshold 
for all inputs. 
Input Low Voltage Volts * Guaranteed input low threshold 
for all inputs. 
| Turn Off Delay 
1 Cc L” 15 pF 


* Pulse Tested (pulse duration = 50 msec, ) 
ELECTRICAL CHARACTERISTICS —55°C to +125°C, Vcc=5.0V +10% 
LIMITS 


+25°C 
si ae MIN. TYP. MAX. 


CONDITIONS & COMMENTS 


SYMBOL CHARACTERISTICS 


< 
2) 
= 5) 


Output High Voltage 


= 4,5V, lon = 


= VALUE INDICATED 
BELOW 


= 4,5V,1.. = 13,6mA . 


OL 
= 5.5V, 1, *« 17,6mA 


Volts Guradies rary fa threshold 
for all inputs, 


z= -1,32mA 


mae et 
Input High Voltage 


Input Low Voltage 


Input Load Current -1.6 -1.10 -1.6 
Input Load Current -1. 24 -0.97 -1,24 


Volts *Guaranteed input low threshold 
for all inputs. 

z= 5.5V a =z 0.4V 

=z 4,5V = 0.4V 


V = 5.5V, V 


cc R 4,.5V 


Turn Off Delay 
Turn On Delay 


* Pulse Tested (pulse duration = 50 msec. ) 


tpd TEST CIRCUIT LOADING RULES 


LOAD 
FACTOR 


SCHEMATIC DIAGRAM 


HIGH 


LOW 


f =1mHz 

AMP= 4V 
WIDTH = 200ns 
tr=ts s10ns 


OUTPUT FANOUT 
STATE 51X 59X 


O 
NOTE: CAPACITANCE OUTPUT 
INCLUDES JIG 


& PROBE CAPACITY. 


R1 = 4.0kQ 
Ro= 1.25k2 
Ra= 1.5kQ 
Rq= 1502 
R5=4.0k2 


Re= 802 ; 
x INPUT DIODE CLAMP 


1 HIGH LEVEL LOAD = I, 
1 LOW LEVEL LOAD = Te 
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TTL 9020 


DUAL JKK FLIP-FLOP. 
A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION 


The 9020 consists of two JK flip-flops with a common clock, separate J, K, and K inputs PHYSICAL DIMENSIONS 


2010 — 


and a common JK input. The JKK design allows the 9020 to be operated as a D type flip- 
flop or as a standard J-K flip-flop. Incorporated in the element is a single clock buffer 
which reduces clock loading. 


The joint (JK) input to the flip-flops can be used to advantage for gating information into | 
the flip-flops. This common input removes the necessity of gating clock waveforms and can mee 
result in an improved logic design requiring fewer circuits. It also minimizes clock skew 
problems if a single clock line is used and all the clock drivers are tied together. 


FEATURES | 
« 020 MIN. 
@ 50 MHz operation | 
-@ Master-slave circuit 
| . NOTES: | 
S omen ences meus | ee es ee 
vw: \ “positive” (.350) misalignment to facilitate insertion. 
@ Separate JKK inputs 2. eee aiteg a anGon are iasear i 
practice for a conventional .020 linch diameter lead. 
@ Common Input Enable logic 
@ Separate Direct Clear inputs 
@ The input/output characteristics provide easy interfacing with Fairchild DTuL, 


LPDTyL, and MSI families (CCSL). | 
All ceramic “HERMETIC” 16-pin Dual In-Line package LOGIC DIAGRAM 
input Diode Clamping | 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Vec Pin Potential to Ground Pin : — -0.5V to +8V 
Input Voltage : —1.5V to +5.5V 
Voltage Applied to Outputs | 7 | -0.5V to Vcc Value 


Current Into Output When Output is Low  5OmA 


ORDER INFORMATION 


Specify U6B9020XXX for 16 pin Dual In-Line package where XXX is 51X for the ~55°C 
to +125°C temperature range, or 59X for the O°C to +75 C temperature range. 


SEMICONDUCTOR 
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FALL TIME < 15 ns 
AMPLITUDE * 4V 


TRUTH TABLE 


SYNCHRONOUS ENTRY 
J-K MODE OPERATION 


INPUTS @ t,, OUTPUTS @ t,,,, 


JK OJ KeK | @Q@ - Q 
3(13) 5(11) ©4(12) | 6(10) 7(9) 


(1) No Change 
(1p No Change © 
Lo oH 
+H OL 
Toggles _ 


NOTES: 


(1) For no change of outputs, the J and K inputs or the 
common JK input must remain low for the entire 
period in which the clock pulse is at low logic level. 

(2) K inputs should be grounded when not in use. 


SWITCHING TIME TEST CIRCUITS: 


FREQ © 2 MHz Vee 
PULSE WIDTH ~® 250 ns (O) Vin CP 
RISE TIME < 15 ns — | | 


ALL INPUTS 
_ TIED TOGETHER | 
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ASYNCHRONOUS ENTRY 
INDEPENDENT OF CLOCK & 
SYNCHRONOUS INPUTS 


INPUTS OUTPUTS 


ear 


L H 
No Change 
H = Most positive logic level 
Most negative logic level 
Could be high or low 


xr 
Non 


LOADING RULES 


INPUTS LOADING 


CP 
JK 
CD a 2.7 


OUTPUTS FANOUT 


PIN16=Voc 
PIN 8=GND 


FAIRCHILD TTpL INTEGRATED CIRCUITS 7 


ELECTRICAL CHARACTERISTICS 


INDUSTRIAL TEMPERATURE RANGE 0°C to 75°C, Vcc 5.0V +5% 


° 
QO 
ND 
ol 

° 
2) 
~ 
on 

° 
O 

Cc 
= 
— 
op) 


SYMBOL | CHARACTERISTIC CONDITIONS & COMMENTS 


Vou Output High Voltage 


VoL Output Low Voltage 
Vin Input High Voltage 


Bl 
= 
> 
x< 


Volts | Veg = 4.75V, lon = 1.2 mA 


NO 


~ 
=) 
~ 
bp 


Volts Vec = 4.75V, lot = 14.1mA 
Vec= 5.25V, lot =16mA 


Guaranteed input high threshold 
for all inputs. 


N 
> 
—) 
she 
= 
> 
> 4 


eal [sl 
> 
| a 
| < 
° | 


> 7 > 


Vib: Input Low Voltage Volts | Guaranteed input low threshold 
IR J, K, K Leakage Current yA Vec = 5.25V, Va = 4.5V 
2 Ip Clock Input Gnd. on other inputs. 
4 ip J-K Input : 
IRs Asynchronous Inputs 
le | J,K, K Input Current : Vec = 5. Ve = 0.45V . 
2 lf Clock Input : Ver = 45V 
4l- J-K Input — ; on other inputs. 
les; Asynchronous Inputs | 3 
le J, K, K Input Current Vec= 
2 If Clock Input : 
4\- J-K Input : 
lest Asynchronous Inputs 


Vec = 5.0V 


Toggle 
| Condition 


= 
NO 


lrelease 
Negative Clock 
pulse width 


SWITCHING TIME TEST CIRCUITS (Continued) 


Tset-up 


~~ 
Oo 


oi | ¢ 


WAVEFORMS 

| : IN CP 
R = 2K, +5%, %W 1.5V 
C, = 15 pF +5% 
ee = 15 pF +5% | 

GND =A tpd+ tod- 

C, & C, include all probe and jig capacity. 
Very short stranded or printed wire should V 
be used for all interconnections. I.5 V 
Probes should be connected directly to the OUT | 
input & output pins. GND AND VouT 2 


| ELECTRICAL CHARACTERISTICS 


MILITARY TEMPERATURE RANGE = -55°C to +125°C, Vcc 5.0V +10% 


-55°C 25°C 125°C UNITS! CONDITIONS & COMMENTS 


[MAx. [win [ TYP. [MAX 
Vou Output High Voltage . 2.4 | 


VoL Output Low Voltage 4. 
Vin Input High Voltage 2.0 a 


a 
‘ 


Volts Vec an 4.5V, lou =1.2mMA 


~ 
rs 
~ 
~) 


Volts Vec = 4.5V, lot = 12.4mA 
Vec = 5.5V, lo. = 16mA 


Volts | Guaranteed input high threshold 
- | for all inputs. 


Volts |Guaranteed input low threshold 


> 
os 


Vie Input Low Voltage 0.8 
for all inputs. 
IR J, K, K Leakage Current UA | Vec = 5.5V, Ve = 4.5V 
2'p Clock Input | Gnd. on other inputs. 
41p J-K Input 
Irs Asynchronous Inputs 
le. J, K, K Input Current mA Ve =0.4V 
2\- Clock Input 3 
4l- J-K Input 
les) Asynchronous Inputs : V_ = 4.5V 
le J,K, K Input Current on other inputs 
2I- Clock Input 
4l- J-K Input 
les) Asynchronous 


Each Flip-Flop | Vcc = 5.0V 
CL = 15 pF 


Negative Clock 
pulse width 


Toggle 
Condition 


> 
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TTpL 9022 
DUAL JK FLIP-FLOP 


A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION 


The 9022 consists of two JK flip-flops with a common clock, separate J and K inputs and a common | PHYSICAL DIMENSIONS 
JK input. The JK design allows the 9022 to be operated as a D type flip-flop or as a standard J-K Ks 300 — 
flip-flop. Incorporated in the element is a single clock buffer which reduces clock loading. | 


The joint (JK) input to the flip-flops can be used to advantage for gating information into the flip-flops. 
It also minimizes clock skew by allowing separate enable control of flip-flops when they are connected 


to a common clock buss. 


FEATURES 


35 MHz operation 


Master-slave circuit | | . |-.020 MIN. 
; .150 
Common buffered clock input TyP 
os . NOTES: 
Separate JK inputs Sel sely s ‘sont it eras ve" ene Saunas nt to Shae cae ‘nae rtio 
2 Board-drilting dimensions should equal your practice for ac entional .020 


Cc ommon Input Enable logic | inch diameter fead. 
Separate Direct Clear and Direct set inputs | 


The input/output characteristics provide easy interfacing with Fairchild DTwL, LPDTuL, and MSI 
families (CCSL). 


All ceramic "HERMETIC" 16-pin Dual In-Line package om 
@ Input Diode Clamping | LOGIC DIAGRAM 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Voc Pin Potential to Ground Pin -0. 5V to +8V 
Input Voltage -0. 5V to +5. 5V 
Voltage Applied to Outputs -0. 5V to Vo Cc Value 


Current Into Output When Output is Low 50 mA 


ORDER INFORMATION 


Specify U6B9022XXX for 16 pin Dual In-Line package where XXX is 51X for the -55°C to +125°C tem- 
perature range, or 59X for the 0°C to +75°C temperature range, 


FAIRCHILD 


SEMICONDUCTOR 
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TRUTH TABLE 


SYNCHRONOUS ENTRY J-K MODE OPERATION 
J Q 4) 
1 ) 6(10) 7(9) 


3(13) 
(1) No Change 
No Change 


bm Cy 
mK 


nD 


> 
~~ 


remem 


NOTES: 


(1) For no change of outputs, the J and K inputs or the 
common JK input must remain low (K = High) for 
the entire period in which the clock pulse is at low 
logic level. 

(2) K inputs should be grounded when not in use. 


FAIRCHILD TTpL INTEGRATED CIRCUITS 


ASYNCHRONOUS ENTRY INDEPENDENT 
OF CLOCK & SYNCHRONOUS INPUTS 


INPUTS | OUTPUTS 


Sp Cy Q Q 
5(11) 1(15) | 6(10) 7(9) 
L H | 


L H 
H L 
L H 


No Change 


H = Most positive logic level 
L = Most negative logic level 
X = 


Could be high or low 


LOADING RULES | 


INPUTS _ 


LOADING 


OUTPUTS | FANOUT 
Q, Q 10 
SWITCHING TIME TEST CIRCUITS 

FREQ. s 2MHz 
PULSE WIDTH s 250ns oo 
RISE TIME <15ns y ‘ ev 
FALL TIME<15ns_ =k ©) wer a O) OUT | if O)) Vout 2 
AMPLITUDE s 4V R = = 


S | 
ial, J 
Pucse | [ | Vet 


9002,3p 


Cale 


GEN. | Ligor7 


ALL INPUTS | 
TIED TOGETHER 


; = 
i De PIN 16 = Voc 
. PIN 8 = GND 
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FAIRCHILD TTuL INTEGRATED CIRCUITS 


ELECTRICAL CHARACTERISTICS 
INDUSTRIAL TEMPERATURE RANGE 0°C to 75°C, Vcc 5.0V +5% 


2 
Ki 
A 
E 
> 
” 
5 
AZ 
= 


| Vac = 5,25V, lo. 
Volts Guaranteed input high threshold 
for all inputs. | 
Volts Guaranteed input low threshold 
for all inputs. 


LA Voc = 5.25V, VR = 4,5V 


Output High Voltage 2.4 | 


Output Low Voltage 
TH 
are 


Pn. | Input High Voltage | 1.9 
| Input Low Voltage 


J,K Leakage Current 
Clock Input | 
J-K Input 


Asynchronous Inputs 


Gnd, on other inputs, 


60 
120 
240 
160 


| =5,25V . Vp = 0.45V 
VR =4,5V 


on other inputs. 


J,K Input Current 
Clock Input | 

J-K Input 
| Asynchronous Inputs 
J,K Input Current 
| Clock Input 


a 
oo bo e = 
co 2 


21, 
4 I, J-K Input 
Legt Asynchronous Inputs 

t 12 

t 

pd eee 

release} ca ae 

set-up | ane 
Negative Clock : 11 
pulse width 


SWITCHING TIME TEST CIRCUITS (Continued) 


NOTES: , | WAVEFORMS 


= 2K, +5%, 1/2W 
15 pF +5% VIN CP 


V 
L 15 pF +5% 1.5 y 


Qa BW 
now ot 


Cy & Cy. include all probe and jig capacity. 

Very short stranded or printed wire should 1.5 Nouns 
be used for all interconnections, GND AND Voyrt 2 
Probes should be connected directly to the 


input & output pins. 
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FAIRCHILD TTuL INTEGRATED CIRCUITS 


ELECTRICAL CHARACTERISTICS 
MILITARY TEMPERATURE RANGE —55°C to +125°C, Vcc 5.0V +10% 
| | LIMITS 


CONDITIONS & COMMENTS 


‘ 
o1 
o1 

° 
QD 


SYMBOL | CHARACTERISTICS 


V Output High Voltage 


Output Low Voltage 
Input High Voltage 


Input Low Voltage 


J,K Leakage Current 


~J ° 
Nila 
E 


=-1.2 mA 
=12.4mA 
Voc = 5:5V, Ip, = 16 mA | 


OH 
Vou 
Vig : Volts Guaranteed input high threshold 

for all inputs, 
Vin Volts Guaranteed input low threshold 


for all inputs. 
V = 5.5V, VR z45V 


bq 


lel | ak 


R Cc 
2 I, Clock Input Gnd. on other inputs, 
4 I, J-K Input 
In Asynchronous Inputs 
I, J,K Input Current 
2 I Clock input 
4 I, J-K Input 
Lagr Asynchronous Inputs Vp =4,.5V 
In J,K Input Current on other inputs 
2 I, Clock Input 
4 I J-K Input 
I. SI Asynchronous 


Each Flip-Flop 


id 


ee 
a 


release 


set-up | 


Negative Clock 
pulse width 


Toggle 
Condition 


Vp = 0040 
aan 
La 
Eel 
ed 


= 
A 
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MuL9033 


16-BIT MEMORY CELL 


MEMORY MICROLOGIC® INTEGRATED CIRCUITS 
A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION — The MzL9033 is a Planar* epitaxial integrated 16-bit, bit-oriented, non-destructive © 


readout memory cell, compatible with Fairchild Transistor-Transistor Micrologic® (TT“L) and other Compatible 
Current-Sinking Logic (CCSL) integrated circuits. This memory cell, organized as 16 words by one bit, is 
designed for high-speed scratch-pad memory applications. 


OPERATION — The memory cell consists of 16 R-S flip-flops arranged in an addressable four-by-four matrix. 
The desired bit location is selected by raising the coincident X-Y address lines to a logic “H” level (>2.1 
volts) and holding the non-selected address lines at logic “L’’ level (<<0.7 volts). As many as four locations 
may be addressed simultaneously without destroying stored information. The stored data and its complement 
at the addressed bit location may be read at the output terminals. If the addressed bit location contains a 
“1”, the S, output will be low and the S, output will be high. If the addressed bit location contains a “0”, 
the S, autput will be high and the S, output will be low. 


Writing is accomplished: by activating one of the write amplifiers. To write a “1”, the desired bit location is 
addressed and the input of the “write one” (W,) amplifier is raised to a High level. To write a “0”, the 
input of the ‘‘write zero’ ' (Wo) amplifier is raised to a High level. 


The outputs are open- Sealiecie which may be wire “OR’ed for word expansion. (The output transistors are 
off when none of the bits are selected.) An external resistor should be returned to Voc to pull-up the 
wire “OR"ed er 


FEATURES 


e CCSL COMPATIBLE 

© QUTPUT WIRED-OR CAPABILITY 

e TRUE AND COMPLEMENTARY OUTPUTS ARE PROVIDED 
NON DESTRUCTIVE READ OUT | 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature | —65°C to +150°C 
Temperature (Ambient) Under Bias | —55°C to +125°C 
Voc Pin Potential to Ground —0.5 Vto +8.0 V 
Input Pin Voltage : —1.5Vto +5.5V 
Current Into Output Teimnitial 100 mA 


Output Voltage —0.5 Vto +8.0V 


ORDER INFORMATION — Specify A319033XXX for Flat Package or A6A9033XXX for Dual In-Line (TO-116) pack- 
age where XXX is 51X for —55°C to 125°C temperature range or 59X for the 0°C to 75°C range. The last 
digit in the order code is 1 for 40 mA Fanout and 2 for 20 mA Fanout. 
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PHYSICAL DIMENSIONS 
In Accordance With 
JEDEC (TO-116) Outline 
Dual In-Line Package 


020 MIN.—+4 fe NOTE 1—}+~.375 MAX. a 


1. ieads are intended for insertion in hole rows 
on .300” centers. They are purposely shipped 
with ‘‘positive’’ (.350) misalignment to fa- 
cilitate insertion. 

. Board drilling dimensions should equal your 
practice for a conventional .020 inch diame- 
ter lead. 


PHYSICAL DIMENSIONS 
In Accordance With 
JEDEC (TO-86) Outline 
CERPAK |! 14 lead 


*Planar is a patented Fairchild process. 


SEMICONDUCTOR 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 


FAIRCHILD MEMORY MICROLOGIC® INTEGRATED CIRCUIT » M,L9033 


ELECTRICAL CHARACTERISTICS (T, = —599°C to +125°C, Voc = = 5.0 V +10%) 


LIMITS ; 
SYMBOL TEST MIN. MAX. UNITS TEST CONDITIONS 


X Address Input Load Current oe = 5.5V, Vy = OV, Vy = 4.5 V, other X inputs grounded 
Y Address Input Load Current Voc = 5.5 V, Vy = OV, Vy = 4.5 V, other Y inputs grounded 
X Address Input Leakage Current Vec = 5.5 V, Vy = 4.5 V, other X and Y inputs grounded 

Y Address Input Leakage Current Veco = 5.5 V, Vy = 4.5 V, other X and Y inputs grounded 
Write Input Load Current Veco = 5.5 V, Vw = OV 

Write Input Leakage Current Veo = 5.5 V, Vw = 4.5V, 


~ Power Supply Current Voc = 5.5V, All Inputs Grounded 
Power Supply Current atV.c =7V Veco = 7.0 V, All Inputs Grounded 
Output Leakage Current ° Voc = 5.5V, Very = 5.5V, allinputs grounded 
Output Low Voltage Voc = 4.5 V, One Bit Selected !,, = 20 mA (A6A9033512 - A3F9033512) 


Address Input Threshold to Prevent Writing Voc = 5.0 V, other X and Y grounded. Alternately pulse W, and W,, 

cell must not change state. 

Voc = 5.0 V, other X and Y grounded. Alternately pulse W, and W,, 

cell state must alternate. 

Vec = 5.0 V, other inputs grounded. Both outputs must be on “high” State. 
Voc = 5.0 V, other X and Y grounded. Alternately pulse W, and Wi, 

cell state must alternate. 

Vec = 5.0V, one X and one Y to 4.5V, other X and Y grounded. One write 
input to Vwi), pulse the other write input. If W, is pulsed, S, will assume — 
low state. If W, is pulsed, S, will assume low state. 

Voc = 5.0V, one X and one Y to 4.5V, other X and Y grounded. One write 
input to Vwiwy pulse the other write input. If W, is pulsed, S, will assume 
low state. If W, is pulsed, S, will assume low state. 


Address Input Threshold to insure Writing 


Address Input Threshold to Prevent Reading 
Address Input Threshold to Insure Reading” 


Write Input Threshold to Prevent Writing 


Write Input Threshold to Insure Writing 


X Address Input Load Current 
Y Address {nput Load Current 
X Address Input Leakage Current 

Y Address Input Leakage Current 
Write Input Load Current 

Write Input Leakage Current 

Power Supply Current 

Power Supply Current at Vo. =7V 
Output Leakage Current 

Output Low Voltage 


Voc = 5.25 V, Vy = OV, Vy = 4.5 V, other X inputs grounded 

Voc = 5.25 V, Vy = OV, Vy = 4.5 V, other X inputs grounded 

Veco = 5.25 V, Vy = 4.5 V, other X and Y inputs grounded 

Voc = 5.25 V, Vy = 4.5 V, other X and Y inputs grounded — 

Veo = 5.25V, Vw =OV 

Veco = 5.25 V, Vw = 4.5V 

Vec = 5.25 V, All Inputs Grounded 

Vec = 7.0 V, All Inputs Grounded 

Voc = 5.25 V, Very = 5.5 V, all inputs grounded 

Voc = 4.75 V, One bit selected 1,, = 20 mA (A6A9033592 - A3F9033592) 
lo, = 40 mA (A6A9033591 - A3F9033591) 

Voc = 5.0 V, other X and Y grounded. Alternately pulse W, and W,, 

cell must not change state. 

Voc = 5.0 V, other X and Y grounded. Alternately pulse W, and W,, 

cell state must alternate. 

Voc = 5.0V, other inputs grounded. Both outputs must be on “high” state. 

Voc = 5.0 V, other X and Y grounded. Alternately pulse W, and W,, 

cell state must alternate. 

Voc = 5.0V, one X and one Y to 4.5V, other X and Y grounded. One write 

input to Vw), Pulse the other write input. If W, is pulsed, S, will assume 

low state. If W, is pulsed, S, will assume low state. | 

Voc = 5.0 V, one X and one Y to 4.5V, other X and Y grounded. One write 

input to Vwiw), pulse the other write input. If W, is pulsed, S, will assume 

low state. If W, is pulsed, S, will assume low state. 


Address Input Threshold to Prevent Writing 


Address Input Threshold to insure Writing 


Address Input Threshold to Prevent Reading 
Address Input Threshold to Insure Reading 


Write Input Threshold to Prevent Writing 


Write Input Threshold to Insure Writing 


> Amplitude of the pulse >2.5 V, pulse width 2 100 ns. The cell state is determined 35 ns after pulse disappears. 
SWITCHING CHARACTERISTICS 


9033511 9033591 9033592 _ CONDITIONS 
SYMBOL | CHARACTERISTICS —55°C to 125°C 0°C to 75°C 0°C to 75°C UNITS LOAD api 
MIN. MAX. MIN. MAX. MIN. MAX. (mA) oF 


Write Pulse Width Vec = 5.0V, One X-Y Location 
Selected 
Write Recovery Time 
_ Turn On Delay Voc = 5.0 V, One X-Y Location 
_ — | Switched 
Turn Off Read Delay | 
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FAIRCHILD MEMORY MICROLOGIC® INTEGRATED CIRCUIT + MuL9033 


ADDRESS INPUT LOAD 
CURRENT VERSUS 
INPUT VOLTAGE 


ADDRESS INPUT LOAD CURRENT - mA 


Vout ~ OUTPUT CURRENT - mA 


READ DELAY TIME - ns 


WN MEASURED. ALL 

ae WN OTHER X AND Y 

: es NA TO 4.5V 
baN 


ADDRESS INPUT VOLTAGE - VOLTS 


OUTPUT CURRENT VERSUS 
OUTPUT SATURATION VOLTAGE 


80 T Fa 
Vec - 5.0V 
ONE X- Y LOCATION SELECTED aa 
BeBe ass 
fr 
eee ae ee 


Pe 
FT 
TY 
CAC 
» ASSaee 
Lf 
0 0.2 0.4 0.6 
OUTPUT SATURATION VOLTAGE - VOLTS 


READ DELAY VERSUS 
AMBIENT TEMPERATURE 
40 mA LOA 


0.8 


T, ~ AMBIENT TEMPERATURE - °C 


: iA 
2.0V Fay 
1.5V 

1.0V 


A | 
im 2.0V 


X—-Y PULSE 
GND 


twp—*+—50ns 


WRITE 1.0V 1.0V 1.5V 


PULSE 9 py ge, aaa 2.0V 


GND 


TYPICAL ELECTRICAL CHARACTERISTICS 


POWER DISS! PATION - mW ADDRESS INPUT LEAKAGE -yA 


WRITE PULSE WIDTH -ns 


ADDRESS INPUT LEAKAGE 
CURRENT VERSUS 
INPUT VOLTAGE 


Voc *5-0V 
ALL OTHER X-Y 


LINES GROUNDED 


ADDRESS INPUT VOLTAGE ~ VOLTS 


POWER DISSIPATION 
VERSUS AMBIENT TEMPERATURE 
400 


Re ALL INPUT PINS GROUNDED 


T, ~ AMBIENT TEMPERATURE - °C 


WRITE PULSE WIDTH 
VERSUS AMBIENT TEMPERATURE 
20 


T, ~ AMBIENT TEMPERATURE - °C 
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ADDRESS INPUT READ THRESHOLD VOLTAGE - VOLTS 


READ DELAY TIME - ns 


WRITE RECOVERY TIME -ns 


ADDRESS INPUT READ 
THRESHOLD VOLTAGE VERSUS 
AMBIENT TEMPERATURE 


Voc * 5-0V 
ONE X-Y LOCATION 


T, ~ AMBIENT TEMPERATURE - i 


READ DELAY VERSUS 
AMBIENT TEMPERATURE 
20 mA LOAD 


) 0 2 = 950 75 100 12 
Ty ~ AMBIENT TEMPERATURE - °C 


WRITE RECOVERY TIME 
VERSUS AMBIENT TEMPERATURE 


Vec =5.0V 


eee eee 
eae ees 
Ace eee 
SERVES 
eRe 


Sopa 


0 25 50 75-100 125 


20mA LOAD 9.0¥ 


40mA LOAD 


OUTPUT 


APPLICATION: 


_A memory utilizing 9033 memory cells may have any desired word length. The number of words in the memory is a multiple of four words. The following 
example of a 64 word memory illustrates how a number of 16 bit memory cells 9033 may be used to construct a typical memory. 


The 64 word memory as shown in Figure A consists of groups of four 9033 memory cells. Each of the groups of four 9033 memory cells supplies one 
bit for each of the 64 words stored in the memory. All bits belonging to one word are stored in the same address location. Therefore, the address of a 
word in the memory is the address of each of the bits of the addressed word in the groups of four 9033 memory cells. The equal outputs of the four 
memory cells are tied together so that each group of four memory cells has one high and one low level output. 

The six memory address lines from an external source are decoded at the first level with two 9301 decoders. The fourth input to each of the two de- 
coders can be used as an enable control input to the 64 word memory. If the address enable is at a low logic level, one and only one of the eight 
outputs, 0 to 7, in the illustration assumes a low logic level. If the address enable is at a high logic level, the outputs 0 to 7 of the two decoders 
assume a high logic level, thus none of the 64 words stored in the memory is addressed. The outputs, 0 to 7, of the two decoders serve as X-and-Y 
address lines. The output signals of the decoders are connected to driving transistors which provide the necessary current to address the memory cells. 
The example given above is only one of the many organizations and is presented as an illustration. Obviously many address decoding schemes may be 
utilized depending on memory size, driver fan-out, decoder fan-out, wiring, heat dissipation, etc. 


Figures B through D show alternative schemes to enter data into the memory cell. 


LOGIC DIAGRAM : Fig. B 
. DOUBLE RAIL ACTIVE 
Fig. A LOW INPUTS AND ENABLE 
MEMORY ADDRESS LINES WRITE ‘1’ 


ADDRESS ENABLE inate 
ae Be ee ENABLE 


Ag Ay Ag Ag J Ag Ar Ag Ag . TO CELLS 
9301 9301 | 
0-3 4-7 0-3 4-7 __ 


WRITE ‘0’ ¥,9005 


Fig. C 
SINGLE RAIL ACTIVE 
HIGH INPUT AND ENABLE 
DATA 449002 %9016 


TO CELLS 


| Ba aad ENABLE 
ate ees 


49002 %9016 


Fig. D 
SINGLE RAIL ACTIVE 
LOW INPUT AND ENABLE 


DATA 


WRITE ENABLE 


TO CELLS 


ENABLE 
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-MpL9034 
256-BIT READ ONLY MEMORY 


MEMORY MICROLOGIC® INTEGRATED CIRCUITS 
A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION — The Fairchild MuL9034 is a 256-bit bipolar transistor read only memory. The 


memory is organized as 32 words of 8-bits each. The words are selected through 5 address lines. The 8 PHYSICAL DIMENSIONS 
outputs of the words are uncommitted collectors which may be wired-or’d with the outputs of other ROM’s. 
An Enable input is provided for additional decoding flexibility. A low Enable forces all outputs to be high. CEL RREKAGE OOTEINE 


300 
+010 me 


The contents of the memory are permanently programmed on customer request. 


} 
b—.350 MAX.—>| 


FEATURES: 

e CCSL COMPATIBLE 

e¢ OUTPUT WIRED-OR’D ABLE WITH OTHER OUTPUTS 
e SINGLE TTL LOAD INPUTS 


ABSOLUTE MAXIMUM RATINGS 


eads are intended for insertion sn hole rows on 30C""' centers. They are 


in hol ¢ 
osely shipped with’ ‘positive’ ( 350) misalignme nt to facslitate insertion 


Storage Temperature —65°Cto+150°C Bee Ee ere ae eae a 
Temperature (Ambient) Under Bias —55°C to +125°C oe; 

Voc Pin Potential to Ground —0.5Vto +8.0V 

Input Pin Voltage 7 —1.5Vto5.5V 

Current Into Output Terminal | 100 mA 

Output Voltages _ —0.5 to Voc Value 


LOGIC DIAGRAM 
15 14 13 12 11 10 


ORDER INFORMATION 

Custom Code — Specify A6B9034XXX where X1X is for —55°C to +125°C temperature range or X9X is for 
0°C to +75°C temperature range. Remaining X’s are to be assigned alphabet letters to customer code. 9034 

Standard Code Available — Specify AGB9034A1A or A6B9034A9A for figures 1 thru 6 code. Specify AGB9034A1B | 32W x 8B X ROM 
or A6B9034A9B for figures 7 thru 0, comma and period code. For additional information on these 01 07 03 04 05 0g U7 Og 
two codes refer to individual data sheets. 


E Ag Ag Ay Ay Ag 


12345 67 9 


Re eee eee pe 
—-AIF CrHIL.GO 


ER eaR Ee ea retest ea corena ore oe 
SEMICONDUCTOR 
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FAIRCHILD MEMORY MICROLOGIC® INTEGRATED CIRCUIT M,,L9034 


ELECTRICAL CHARACTERISTICS (T, = —55°C to +125°C, Voc = 5.0 V +10%) 


LIMITS . : 
SYMBOL TEST —55°C . +25°C +125°C UNITS TEST CONDITIONS 
MIN. MAX. MIN. MAX. MIN. MAX. 
Address Input Load Current 1.6 1.6 1.6 mA Veco = 9.59 V Va =0 
Enable Input Load Current 1.6 1.6 1.6 mA Veo = 5.5 V VE = 
Address Input Leakage Current 100 100 100 HA Veco = 5.5 V V, =45V 
Enable Input Leakage Current 100 100 100 LA Veco = 5.5 V V,=4.5V 
Output Leakage Current 100 100 100 HA Veco = 5.5V Very = 5.5V 
| | Enable Input to 2.0 V | 
Output Low Voltage | 0.45 0.45 045 V Veo = 4.5V_ lout = 10 mA 
The word containing a “1” bit is 
selected when performing this test. 
Input Low Voltage 0.8 0.9 0.8 V Veco = 9.9 V 
Enable input grounded. Monitor ~ 
appropriate output to 
guarantee this test. 
Input High Voltage 2.1 2.0 2.0 V Veo = 45V 
Enable input grounded. Monitor 
appropriate output to 
guarantee this test. 
ELECTRICAL CHARACTERISTICS (T, = 0°C to +75°C, Voc = 5.0 V +5%) 
| LIMITS 
SYMBOL TEST . o°c +25°C +75°C UNITS TEST CONDITIONS 
MIN. MAX. MIN. MAX. MIN. MAX. | 
Address Input Load Current 1.6 1.6 1.6 mA Vec = 5.25 V V, =0 
Enable Input Load Current 1.6 1.6 1.6 mA Vec = 9.25 V V-= 0 
Address Input Leakage Current 100 100 100 HA Veco = 9.25 V V, =4.5V 
Enable Input Leakage.Current 100 100 100 HA Veco = 5.25 V V,=4.5V 
Output Leakage Current 100 100 100 HA Vec = 5.25 V Very = 5.25 V 
Enable Input to 2.0 V 
Output Low Voltage 0.45 0.45 045 ~~ Voc =4.75V —— Ioyp = 10 mA 
The word containing a “1” bit is 
selected when performing this test. 
Input Low Voltage 0.85 0.9 0.85 V Veco = 5.25 V 
Enable input grounded. Monitor 
appropriate output to 
guarantee this test. 
Input High Voltage 2.0 2.0 2.0 V Veco = 4.75 V 


Enable input grounded. Monitor 
appropriate output to 
guarantee this test. 


SWITCHING CHARACTERISTICS (T, = +25°C, Voc = 5.0 V) 


NOTES: 


LIMIT CONDITION (1) To test enable delay, apply input pulse to enable input. The word | 
SYMBOL (Max.) NOTE | LOAD C, selected must contain a ‘‘l’’ in the bit under test. 
To test address delay, apply input pulse to the address input under: 
' 50 ns 1 10 mA 30 pF test. The words selected must contain a ‘1’’ when input pulse is low 
50 ns 1 10 mA 30 pF and a ‘‘0’’ when input pulse is high in the bit under test. 
50 ns y) 10 mA 30 pF To test address delay, apply input pulse to the address input under 
test. The words selected must contain a ‘‘0’’ when input pulse is low | 
50 ns 2 10 mA 30 pF and a ‘‘1'’ when input pulse is high in the bit under test. 
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FAIRCHILD MEMORY MICROLOGIC® INTEGRATED CIRCUIT MyL9034 _ 


TYPICAL ELECTRICAL CHARACTERISTICS 


INPUT LOAD CURRENT INPUT LEAKAGE CURRENT 
VERSUS INPUT Eee a VERSUS INPUT VOLTAGE 
as 
< 3 
e | oe . 
: i 
Bo, +4 . 
eae 
INPUT VOLTAGE - VOLTS INPUT VOLTAGE ~ VOLTS 
OUTPUT CURRENT VERSUS | ADDRESS INPUT DELAY VERSUS 


OUTPUT VOLTAGE == _ AMBIENT aL 


OUTPUT CURRENT - mA 
ADDRESS INPUT BELAY - ns 


iNPUT THRESHOLD VOLTAGE - VOLTS 


Ms 


INMEBET ENPUT DELAY - 


INPUT THRESHOLD VOLTAGE 
VERSUS 
AMBIENT —e 


“5 | “50 5 “0. B i 15 “100 125 


Tq ~ AMBIENT TEMPERATURE - a 


INHIBIT INPUT DELAY VERSUS 
AMBIENT TEMPERATURE 


5-50 - 0 % 50 75 100 15 


T, > AMBIENT TEMPERATURE ~ me 


ET 03 0.4 05 0.6 07 08 "5 50 O0~~CU!S~«~SSCSSSC«CdSCd 
OUTPUT VOLTAGE - VOLTS T, ~ AMBIENT TEMPERATURE - °C 
SWITCHING TIME TEST CONDITIONS AND WAVEFORMS 
ADDRESS OR 


ENABLE INPUT 1.0V - 


OUTPUT 


ADDRESS INPUT ; gy 


| 


3762g 


OUTPUT 


1.0kQ 


10mA LOAD 


APPLICATIONS: 
The Fairchild MuL9034 Read-Only Memory has many storage and display applications. Two main uses of the memory are for 1) microprogrammed subroutines 
(core replacements) and 2) character generator display systems. 


APPLICATION OF THE 9034 READ-ONLY MEMORY IN DIFFERENT TYPES OF DISPLAY SYSTEMS. 

In the application of this ROM as display storage, the enable input is the most important control, since every display system requires a number of ROM’s 
organized in parallel to each other. The effectiveness of such a character storage system depends on the flexibility in addressing a desired character. Most 
of the character storage systems will be character code oriented. | 


16 SEGMENT DECODER ; 
CHARACTER CODE INPUT 


124 8 16 


= 


Ag Az Ay Ay Ag | hy AgAy Ay Ay E 
9034 9034 
0 07 03 04 05 Og 07 0g 0} 7 03 04 05 Og 07 Og 


TO SEGM.1 234 5 6 7 8 9 10 11 12 13 14 15 16 


Figure la illustrates the use of two 9034 ROM’s for driving a 16 segment decoder. The character code is used directly as a control for both ROM’s. One ad- 
ditional 3-input gate controlling the enable inputs of the 2 ROM’s is required for selecting the group of codes within the ASCII system which refer to the 
characters. For uninterrupted control, 2 ROM’s are required for each of the 16 segment display units. 


DISPLAY GENERATOR 5x 8 DOT MATRIX 


ADDRESS OF 
IST LINE OF FIGURE 


Ag Ay Ay Ag Ag E 
9034 
01 02 03 O4 05 Og 07 0g 


LINE PATTERN INFORMATION 

The four 8-bit words representing the 5x8 dot pattern of a figure are stored in sequence. The external source which calls 
for a figure has to supply the address of the first 8-bit word of this figure. The clock will increment this address by one 
each time the generated pattern has been displayed until all five 8-bit patterns have been used. The mod. 5 counter calls 
for the first-line address of the next figure automatically. 

If these data are used to control a CRT display the outputs of the 2 9034 ROM’s may be connected to an 8-channel 
multiplexer (3705) which serves as an interface to the Z modulation input of the display unit. The 8 channels are selected 
in sequence by a mod. 8 counter of which the eight output generates the control pulses for the mod. 5 and the address 
counter. 
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MpL9034AXA 
256-BIT READ-ONLY MEMORY 


MEMORY MICROLOGIC® INTEGRATED CIRCUITS 


GENERAL DESCRIPTION 
The 9034 Read-Only. Memory code AXA (9034AXA) is programmed to LOGIC SYMBOL PHYSICAL DIMENSIONS 
store information for generating Figures 1 thru 6 on a 5 by 8 dot pattern | | 
display. The memory stores the information by using 5 consecutive words 
of 8 bits for each figure or symbol. | | 15 141312 11 10 


OPERATION AND ELECTRICAL CHARACTERISTICS 
Refer to 9034 Data Sheet 


E Ag Az Ay Ay Ag 
ORDER INFORMATION 9034 


Specify AGB9034AXA where AIA is for —55°C to +125°C temperature 32W x 8B X ROM : 
range or A9A for the 0°C to +75°C temperature range. | 01 05 03 04 05 0g 07 Og | 
ae 09 
Fes 


12345 67 9 
GND = 8 


Vcc = 16 : - L015 MIN. 


9034AXA TRUTH TABLE 


re H H LH HH LL LHHLLEL HAHAHAHA CL LEOLOLkfFOHELfFOEtfSOLétfOUHCOUH OH 

; H L LH HOLHHHUL LH HHL L HHL H LCL HH HHL HH HL HOH 

I H H LH HH HH LH HH HHL LC HH HLH L HHH HLH H'H HHH 

4 H H LH HH HL HH HH LL HLHHeL He L LCL HLL LL HHH 

u H H LH H H LH HH HH HH LL HH LH HH HH LL HH HLH H 

H H LH HL HH HH HH HHL LCL LLL LH HHH LL H HeH L HH 

. H H LH HL HH HH LH HH LH HH LH HH HH LLHH HLH H 
| H LLLHULLLLEHL LCL HH HHL HLL LL HEEL OL OHHH 

. L H LH LHL HLH LH LHLHeHAWeLeLHeHieLfOHOLfFOHKfOLefFOHKOLKCOUKKR COLO 

; L L HH LELHHLLH HLL HH LEH HLLHHLLHH ELL HH 

U LL ~LELHHdSHdHLL ELL HH HH LL LLoHH HH LOL OLOLfhGUHO OH HH 

; L -LELLeLELHHHH HHH He LL L LOL LoLeHHHH OH OH HH 

S L-ELLELLLLLLL LL LeL HHH H HH HH HH HH HH HH 

o | % 

U_ | 0, | 

T 

P 4 

: 5 

S 


oO oO Oo 9 O&O 


9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32] 


L — Low Voltage H—High Voltage 


FAIRCHILD 


Se icone 
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MuL9034AXB 
256-BIT READ-ONLY MEMORY 


MEMORY MICROLOGIC® INTEGRATED CIRCUITS 


GENERAL DESCRIPTION 
The 9034 Read-Only Memory code AXB (9034AXB) is programmed to LOGIC SYMBOL PHYSICAL DIMENSIONS 
store information for generating Figures 7 thru 0, a comma and period | 


on a 5x8 dot pattern display. The memory stores the information by ats 

using 5 consecutive words of 8 bits for each figure or symbol. 15 14 1312 11 10 ae aa 

OPERATION AND ELECTRICAL CHARACTERISTICS on : 

Refer to 9034 Data Sheet | | 
| E Ag Ag Ay Ay Ag =f | | 00 : |- 374 NOM 

GRBER INFORMATION | | 9034 

Specify AGB9034AXB where A1B is for —55°C to +125°C temperature 32W x 8B X ROM 


range or A9A for the 0°C to +/5°C temperature range. 0; 05 03 04 05 Og 07 Og 


12345 67 9 
GND = 8 
Vec = 16 


9034AX8 TRUTH TABLE 


ri 


SOAS CSE | 
zaorrrrst 

mmrtmrmrrsr 
zsecmcrcuoreec! 
je momarxorer 
mmmmerrier 
Seer are Ss 
tTemmeeereo 


[ome rerse 
§ 
eecrcrtiemerrrster 
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MuL9035 


64- BIT READ/WRITE MEMORY CELL 


MEMORY MICROLOGIC® INTEGRATED CIRCUITS 
A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION — The 9035 is a high speed 64-bit read/write memory cell designed for use in 
high speed scratch pad memories. It is organized in a linear select 16 word by 4-bit array. The 9035 is made 
with TTuL circuitry making it CCSL compatible. 


PHYSICAL DIMENSIONS 


The 9035 is available in the hermetically sealed 36-pin ceramic dual in-line package and will operate over . ce 
the temperature range from —55°C to +125°C. 40 | + m3 
4 


OPERATION — In addition to 16 address lines, 4 data outputs, and 4 data inputs, the 9035 has a chip select 
and a write enable. When the chip select is high, a word may be addressed by a high on the address input. 
Data is written into the addressed word only when the write enable is held low. While the address is present, 
the outputs continuously show the contents of the word selected. Readout is non-destructive. 


lee 


Up to four words may be addressed and read simultaneously with the OR function of the words appearing — 
at the output. Data can be written into two locations simultaneously. 


WOANAN PWNS 


Uncommitted collector outputs are provided on the 9035 to allow maximum flexibility in output connection. 
In many applications such as word expansion, the outputs of many 9035’s are wire-OR’d together. In other 
applications the wire-OR is not used. In either case an external pullup resistor of value R must be used to 
provide a high at the output when it is off. Any value of R within the range specified below may be used. 


| . R is in KQ ame 
51 1 N = number of L sis 
RO er : outputs wire-OR’d 


F.O. = number of 
TTL loads driven 


10 — F.O. (1.6) s ~  N(0.1) + F.0. (0.06) 


The minimum value of R is limited by output current sinking ability. The maximum value of R is determined 
by the output and input leakage current (ic;, and Ip) which must be supplied to hold the output at 2.4 V. 


FEATURES: | | LOGIC DIAGRAM PIN CONFIGURATION 


e 35 ns READ ACCESS TIME | | 

° CHIP SELECT AND WRITE ENABLES | CHIP wire 
¢ UNCOMMITTED COLLECTOR OUTPUTS FOR WIRE OR CAPABILITY Sie estar 
¢ LINEAR SELECT ee | 
¢ ON CHIP ADDRESS LINE BUFFERING 7 eet by WE 


CCSL' COMPATIBLE 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65°C to +150°C, 

Temperature (Ambient) Under Bias —55°C to +125°C WORD ADDRESS Mul 9035 

Vcc Pin Potential to Ground —0.5 V to +8.0V | 

Input Pin Voltage —15Vto +5.5V 

Current into Output Terminal : 100 mA 

Output Voltage —0.5 Vto +8.0V 

| M16 01 02 03 04 

ORDER INFORMATION — Specify AGH* 9035XXX where XXX is 51X T 1 ] 1 
for the —55°C to +125°C temperature range or 59X for the O°C allel 


to 75°C temperature range. 


FAIRCHILD 


SEMIDONDUCTOR 
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FAIRCHILD MEMORY MICROLOGIC® INTEGRATED CIRCUIT MuL9035 


LOADING RULES 


1 Low Level TTuL Unit Load = 60 wA 


1 High Level TT ul Unit Load = —1.6 mA 


ELECTRACAL CHARACTERISTICS (T, = —55°C to 125°C, Vo, = 5.0 V 410%) . 


SYMBOL. 


lea Address Input Load Current 


les 


Wirite Enable Load Current 


Output ‘‘Low” Voltage 


Input “Low” Voltage 


RO 


Input’ ‘‘High” Voltage 


Supply' Current 


=) |. 
I - 2) 


NOTE 1: |,, increases by 1.6 mA for each address enable hel 


ELECTRICAL CHARACTERISTICS (T, = 0°C to 75°C, Vg = 


Chip Select Load Current 


— 
— 
fe.) 


d at a logical 1. 


9.0 V +5%) 


~ Daita Input Load Current a3 
Address Input Leakage Current 100 100 
ine Chip Select Input Leakage Current 1.6 
\Write Enable Leakage Current 100 
ae Lata Input Leakage Current 200 200 
loex O.utput Leakage Current 200 200 


HIGH LEVEL LOW LEVEL 
(TTL Unit Loads) (TTuL Unit Loads) 


| LIMITS 
—55°C +25°C +125°C 
MIN. MAX. | MIN. MAX. 


MIN. MAX. 


0°C 
SYMBOL TEST MIN. 


Address Input Load Current 
Chip Select Load Current 


— 
> 


Input “High” Voltage 0 


1] | | 
ond a 
ho] @ fom 


k 


MAX. | MIN. 


LIMITS 
+25°C 


MAX. 


+75°C 
MIN. = MAX. 


124 


124 


les 
We Enable Load Curren 
in _| Data input Load Current 
lea Address Input Leakage Current 100 100 
Chip Select Leakage Curent 
lavy Write Enable Leakage Current 100 100 
[Tao Data Input Leaicage Current 
Output Leakage Current 200 200 
Vor | Output “Low” Voltage 0.45 0.45 
Vie Input “Low” Volt age 0.85 0.85 
Vin 


Supply Current 


NOTE 1: I-_ increases by 1.6 mA for each aduress enable nei 


A 


d at a logical 1. 
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UNITS 


Cah 
Cm 
cma 


Cm 
mk 
cma 
a 


UNITS CONDITIONS 


Veco = 5.5 V, Vos = 0.4V 
See Note 1 
Voc = 5.5 V, Vw =04V 
Voc = 55V, Vos=45V 
Veco = 5.5 V, Vw =4.5V 
Veco = 5.5 V, Vp = 4.5.V 
Vec = 5.5 V, Vee = 5.5 V 
Enable Input Grounded 
Voc = 4.5V, lo, = 10 mA 
One Word Selected 


Voc = 9.0 V, Monitor Appropriate Output 
To Guarantee This Test Limit 


Vec = 9.0 V, Monitor Appropriate Output 
To Guarantee This Test Limit 


Voc = 5.5 V, One Word Selected 


CONDITIONS 


Voc = 9.25 V, Ves = 0.45 V 
See Note 1 

Veco = 5.25 V, Vp = 0.45 V 

Vec = 9.25 V, V, =4.5V 

Vec = 5.25 V, Vw =4.5V 

Vec = 5.25 V, Vp = 4.5V 

Vec = 9.25 V, Vogy = 5.25 V 
Enable Input Grounded 

Veco = 4.75 V, lo, = 10 mA 
One Word Selected 


Vec = 9.0 V, Monitor Appropriate Output 
To Guarantee This Test Limit 


Vec = 9.0 V, Monitor Appropriate Output 
To Guarantee This Test Limit 


Voc = 5.25V, One Word Selected 


WRITE ENABLE = 


TYPICAL ELECTRICAL CHARACTERISTICS 


ADDRESS INPUT LOAD 
CURRENT VERSUS 
INPUT VOLTAGE 


ADDRESS INPUT LEAKAGE 
CURRENT VERSUS 
INPUT VOLTAGE 


fo) 
Py 


Ef 
hele! 
= 
fe 
lee 
ll 


ma 
= 
ft 
=m 
Bae ae 


| 
a 
|| 
Peilbeed| alte 
ale lesa 
*) 2.0 2.5 
INPUT VOLTAGE - VOLTS 


ADDRESS INPUT CURRENT - mA 
ADDRESS INPUT LEAKAGE CURRENT - pA 


OUTPUT CURRENT VERSUS 
OUTPUT SATURATION 
VOLTAGE 


Vec™ 5.0V 
10 mA LOAD 


INPUT VOLTAGE - VOLTS 


ADDRESS TO OUTPUT DELAY 
TIME VERSUS TEMPERATURE 


ADDRESS INPUT THRESHOLD 
VOLTAGE VERSUS 
TEMPERATURE 


ADDRESS INPUT THRESHOLD VOLTAGE - VOLTS 


7 100-125 
Ty ~ AMBIENT TEMPERATURE ~ 6 


WRITE PULSE WIDTH 
VERSUS TEMPERATURE 


OUTPUT CURRENT - mA 
ADDRESS TO OUTPUT DELAY TIME - ns 


0 
75-50-25 0 25 30 


OUTPUT SATURATION VOLTAGE - VOLTS T, ~ AMBIENT TEMPERATURE - °C 


rb) 


WRITE PULSE WIDTH - ns 


SWITCHING CHARACTERISTICS (T, = 25°C, V., = 5.0 V) 


| SYMBOL 
Address to Output Turn-On Delay 
| Address to Output Turn-Off Delay 


Write Pulse Width Required to Write 
Write Delay 


NOTE 2: One word is selected during the test. 


2.0V 2.0V 
1.5V SS 1.5V -_—__ 
1.0V 1.0V 


DATA 


_ OUTPUT —= 
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| dee MIN. [_1YP._| 


NOTE 1: To test t,,, and t,,,, a “Low’’ must be stored in the cell under test. 


> Ons a ‘we ye 
em ae Gum ~~ \ y, a ‘ rae iA ap ape 22> GE Ge 2S aw em eT a 2p Ge 2p Gm aw «ep ae au 
2.0V iM ; 2.0V 


MAX. 


5.0ns 


CHIP INPUT 1.0V 1.0V 
SELECT sescesenemecom a 
‘OFF 
15V-—__——___-_——_—-1.5V —_—_— 
_.| ton bran 
— ~§.0V . 
4702 
OUTPUT 
30pF 1.0kQ 


10 mA TEST LOAD 


FAIRCHILD MEMORY MICROLOGIC® INTEGRATED CIRCUIT MyL9035 


APPLICATIONS 
MEMORY EXPANSIONS: N16 WORDS BY 4-BITS 


ENABLE 


° wei 
WORD LOCATION ADDRESS MEMORY CELL ADDRESS ENABLE 
a DATA INPUT 
E Wg Ay Ag Ag Ap Ay Ag Ag we1234 
1/16 DECODER $311 1/10 DECODER 9310 
01234567 6 9 1011213 1415 


0123456789 
NOUCUONONOROTNOmMazSAaazEs 
SS ee eee TO MEMORY CELLS 2 10 — 

16/6 9016 w¥ (eee 
we] soad J 
ESQRERERERER 
Ba | 


Zann acS Og 0; 02 D3 WE 
an SRR SRR ee ee 
GREER eee 
SREB RE eee 
EERE EERE eee eee eee 
Se Se a ee de | DATA INPUT BUS 
GREER eee 
SRR Rees Bee eee 
PT eT 
GRRE hh Gee eee 
CREE ee 
Sl ie ees eee 
UE ip eee 
Gee eee 
2 eS eee 
Grn eee 
Z i ate ae Cea <4. 
(eo 6] A 
scams (il LE WS 
| 
, 4 
ee aa et os ee 
ERBER SRR oie eee eee) 
GRRE ESE Be eee OUTPUT DATA BUS 
GRR EERE eee 
BERRA eee, 
DEER S2 2 2 ee eee 
eae Top ele = 5 a 
eT bp 
PT i 
rei i 7 
Gaen 7 
Cbs Ree eee 
[Re | 
fe ee 
oe re eee 
a 
LT UT TT 
[ft ttt 


TO MEMORY CELLS 3 10 10 TO MEMORY CELLS 3-10 


In this application the 9035 memory cells are connected in parallel and two levels of decoding are performed. One of the cells is selected by the 9310 
decoder and then a word is addressed by the 9316. 


MEMORY STACK 160 WORDS OF 40-BITS 


ENABLE 


WRITE 
WORD LOCATION ADDRESS STACK ADDRESS ENABLE 


Ao Ay Ag 
ae ee me ee ee 9310 DATA INPUTS 
458789 0N12145] fo1234567891 | = pry og ng eB 7 g------ 


ori2345678 40 
00 ne SERAEAEEE: | | | 
Pee TO STACKS 2 10 10 

pm 9018 


Seen Be 2 2 ee ee An) 
REECE a Se a ees 
SRE Ree VERS S ee eee F 
BS 2 SORE eee ee eee 
Ss 
SEEAE ERE eee eee 

SERRE EDS Cae eee 
GEG Ret Rel eee ® 
EReG EE Seek Cees Ei |. 
ee 
Sr a ee 
gue sae arene v 
7s eee el 
ff | ; 
ee 


DATA OUTPUT 


BIT 1 
bald 2 


Aya 
Ma 
A 
A 


4 
18 Op 0; 02 03 
an 


TO MEMORY CELLS 3-10 
TO MEMORY CELLS 3 TO 10 


— ee ee 


40 


There are 16 words by 40 bits for each stack. The outputs and inputs of all stacks are tied together. Stack 1 contains words 1-16, stack 2, 17-32, 
and so on through 144-160 for the 10th stack. The stack address decoder tells which word group (1-16 or 17-32, etc.) is addressed while the word 


location decoder addresses one of the 16 words of the stack addressed. The entire memory has 40 data input lines, 40 data output lines, 8 address 
lines, and a write enable line. 


3762n 


LPDTpL 9040, 9041 AND 9042 
LOW POWER DIODE TRANSISTOR MICROLOGIC® 
INTEGRATED CIRCUITS 


GENERAL DESCRIPTION 


TYPICAL FLAT PACKAGE 
TOP VIEW 


The Fairchild LPDTuL Micrologic® Integrated Circuit Family consists of a set of compatible, 
integrated logic circuits specifically designed for low power, medium speed applications. 


The circuits are fabricated with a silicon monolithic substrate using standard Fairchild Planar“ 


epitaxial processes. 
Packaging options include the Flat package and the Dual In-Line package. 


Important features of the LPDTyuL Micrologic®) integrated circuits include the following: 


@ Reliable operation over the full military temperature range of -55°C to 
+125°C 


@ Typical power drains of less than 1 mW per gate (50% duty cycle) for 
the logic gate elements and less than 4 mW for the clocked flip-flop. 


e@ Single power supply requirement—5 volts optimum, 4.5 to d.0 volts range. 


TYPICAL DUAL IN-LINE PACKAGE 


a 


f>—.350 max.—=}—NOTE 3 


@ Guaranteed fan-out of 10 LPDTyL unit loads or 1 standard Fairchild 


DTyL unit load, over the full temperature and supply voltage range. 


@ Guaranteed minimum of 450mV noise immunity at the temperature 


extremes. 


@ Typical logic gate propagation delays of 60 ns and binary clock rate of 
2.5 MHz. 


@ Emitter follower outputs providing good capacitive drive capability. 


.280_ 
MAX. 


NOTES: 
1 Leads are intended for insertion in hole rows on 300" centers They are 
purposely shipped with ‘positive’ (.350) misalignment to facilitate insertion 


2. Board-drilling dimensions should equal your practice for a conventional 020 
inch diameter tead. 


*Planar is a patented Fairchild process. 


ORDER INFORMATION 


To order Low Power Diode Transistor Micrologic®) integrated circuit elements specify U31XXXX51X for flat package and U6AXXXX51X_ 
for Dual In-Line package where XXXX is 9040, 9041 or 9042. 


—-AIRCrRIILM 


SEMICONDUCTOR 


313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 


3-63 


FAIRCHILD MICROLOGIC® LOW POWER DIODE TRANSISTOR INTEGRATED CIRCU ITS 
LPDTyL 9040 CLOCKED FLIP-FLOP © | 


LOGIC DIAGRAM SHOWING FLAT — 
OR DUAL-IN LINE PACKAGE PIN 
ASSIGNMENT 


DESCRIPTION 


The LPDTyL 9040 element is adirectly coupled, dual-rank flip-flop suitable for use 


in counters, shift registers and other storage applications. Either R-S or J-K mode - 


operation is possible. Direct set and clear inputs are provided which override all " 
other data inputs. i 


Cy 


RESISTOR : RESISTOR 
PULL-UP PULL-UP. 


Q 


GROUND 


SYNCHRONOUS ENTRY TRUTH TABLES ASYCHRONOUS ENTRY 
R-S MODE OPERATION J-K MODE OPERATION TRUTH TABLE 


Symbols 


H_ - Most positive logic level 

L_ - Most negative logic level 

X - Either H or L can be present 
NC - No change in state 


NOTES: 
1. For J-K mode operation eonnect Pin 6 to Pin 3 and Pin9 to Pin12. 
2. Asynchronous entries override all synchronous entries. 


mmm aehe OK Kh ee 
es) a ar MM Ee rx MX 
mo 2 ono a i a i 
mrceewe Toe eK re eK 


CIRCUIT DIAGRAM LOADING RULES 


*NORMALIZED 
UNIT LOADS (U.L.) 


FAN-OUT 


10 U.L. 


7 U.L. WITH 
RESISTOR 
PULL-UP 
CONNECTED 


*1UNIT LOAD EQUALS 1-LPDTyL 
9041 OR 9042 INPUT LOAD 


RESISTOR VALUES 
ARE TYPICAL 
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FAIRCHILD MICROLOGIC® LOW POWER DIODE TRANSISTOR INTEGRATED CIRCUITS 


LPDTpL 9041 — DUAL 3 INPUT NAND GATE LOGIC DIAGRAM SHOWING FLAT 
| | OR DUAL-IN-LINE PACKAGE PIN 
ASSIGNMENT 


DESCRIPTION 


The LPDT iL 9041 element consists of two, 3-input positive logic NAND gates suitable 


for general logic gate and inverter applications. The unique feature of this gate is | EMUTER Fo. . 3 Yee 


that the output transistor collector and the emitter follower pull-upare not internally INPUT 


OUTPUT 


connected. This allows the user to tie collectors to a common node for the wired |  "ssistor | INPUT 
INPUT 


"OR" logic function. 
RESISTOR 
INPUT PULL-UP 


INPUT 


INPUT | OUTPUT 


EMITTER FOL- 
GROUND LOWER PULL-UP 


POSITIVE LOGIC NAND GATE WIRED ‘OR’ APPLICATION 


ABC = D 


EACH INPUT «1 UNIT LOAD 
OUTPUT FAN-OUT = 10 UNIT LOADS 


= 7 U.L. WITH RESISTOR 
PULL-UP CONNECTED 


ABC + DEF +°°°' +LMN=Z 
OUTPUT FAN-OUT = 10-3(NO. OF RESISTOR 


EITHER THE EMITTER FOLLOWER OR RESISTOR PULL-UP PULL-UPS) 
MUST BE CONNECTED TO THE OUTPUT TO ESTABLISH 
THE HIGH LEVEL. : ONE PULL-UP RESLSTOR IS REQUIRED FOR EVERY 8 
GATES CONNECTED TO THE COMMON "OR" NODE. 
CIRCUIT DIAGRAM Voc 
014 
1k 15k 15k 
O3 100 
Riereere 
aot K 
O2 90 
40 4 b>. O11 
woes ft at 
40k = = 40k 
60 4 15k 1 15k | S\I-—0 13 


RESISTOR VALUES 
ARE TYPICAL 
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FAIRCHILD MICROLOGIC® LOW POWER DIODE TRANSISTOR INTEGRATED CIRCUITS _ 


LPDTyL 9042 — DUAL 3 INPUT NAND GATE WITH EXTENDER | 
| | INPUTS 

DESCRIPTION pS 
~The LPDT iL 9042 element consists of two 3-input positive logic NAND gates with 
extender inputs. This element in the family allows the user to implement logic 


applications requiring a gate fan-in exceeding three. 
The DTypL 9933 4-input extender element or equivalent—may be used to provide 
additional diode inputs. Any capacitance added to the extender input will increase 


the turn-on delay of the LPDT,.L 9042 gate. Typically, the increase is 10ns/pico- 
farad. Turn-off delay is not affected. 


CIRCUIT DIAGRAM 14 


15k 15k 1k 
q () 2 9 () 
Ss 4 
OO 
4 1 8 Nl 11 


40 
40k = = 40k 
6 0 C 15k 15k » 0 13 


O10 


w 
O 
‘| 


RESISTOR VALUES 
ARE TYPICAL 


BUFFER ELEMENT 


LOGIC DIAGRAM SHOWING FLAT: 
OR DUAL-IN-LINE PACKAGE PIN 
ASSIGNMENT | 


OUTPUT 


RESISTOR 
PULL-UP 


EXTENDER 
INPUT 


INPUT 


INPUT 


INPUT 


GROUND 


Vec 
INPUT 
INPUT 
INPUT 

EXTENDER 
INPUT 


RESISTOR 
PULL-UP 


OUTPUT 


POSITIVE LOGIC NAND GATE 


EACH INPUT = 1 UNIT LOAD 


OUTPUT FAN-OUT = 10 UNIT LOADS 


= 7 UNIT LOADS WITH 
RESISTOR PULL-UP 
CONNECTED 


For applications requiring a fan-out exceeding ten, the Fairchild DT pL 9930 Dual 4-Input Gate may beused. The DT wL 9930 will drive 


44 LPDT ywL unit loads, while maintaining the same output logic levels as the low power circuits. 


The input of a DT .L 9930 requires the equivalent.of 10 LPDTyL unit loads. Therefore, a low power circuit can drive only one 


DT .L 9930 input. 
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FAIRCHILD MICROLOGIC® LOW POWER DIODE TRANSISTOR INTEGRATED CIRCUITS 


OPERATING VOLTAGE CHARACTERISTICS POWER CHARACTERISTICS 
OUTPUT LOGIC LEVELS - Voy AND Voy, VCC = 5V 


EMITTER FOLLOWER PULL-UP 


. (ea tse 
. 9040 CLOCKED FLIP-FLOP (MAXIMUM) 


WORST CASE 


INPUT THRESHOLD LEVELS - V,,, AND V, 


5 = 
: 
a a. 
ro) 
> 
9041 & 9042 POWER PER GATE GATE "ON" (TYPICAL) 
| "1 Vor MAX @ FAN-OUT = 10 U.L., 9041 & 9042 POWER PER GATE GATE "OFF" (MAXIMUM 
: 4.5. VS Veg S545 Vs Vyy APPLIED TO INPUTS |_| 9041 & 9042 POWER PER GATE GATE "OFF" (TYPICAL) 
0.25 
1 ees 
5 -50 -5 0 28 50 75 10 125 | a a a rs 
TEMPERATURE - °C TEMPERATURE - °C 
HIGH LEVEL NOISE IMMUNITY LOW LEVEL NOISE IMMUNITY | 
a MINIMUM DC VOLTAGE MARGIN BETWEEN = LEDTUL nea DC VOLTAGE MARGIN BETWEEN 
9040 : 
A WORST CASE HIGH LOGIC LEVEL AND A A WORST CASE LON LOGIC LEVEL AND-A 
2.2 F worst CASE HIGH INPUT THRESHOLD WORST CASE LOW INPUT THRESHOLD 
2.0 
z 5 
=: 1s 4 
z 
= 16 5 
oe a 
* : 
i) oO 
= le = 
S = 
o 1.0 i. 
a oS 
0.8 
45V SV S505 V 
0.6 EMITTER FOLLOWER 
PULL-UP 
-75 -50 -2 0 3. 50 75 100 12 
TEMPERATURE - °C | TEMPERATURE - °C 
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FAIRCHILD MICROLOGIC® LOW POWER DIODE TRANSISTOR INTEGRATED CIRCI 


AVERAGE PROPAGATION DELAY - ns 


DELAY - ns 


20 
aa 


TYPICAL 
AVERAGE PROPAGATION DELAY 
LPDTypL 9041° 9042 


pd 4 
EMITTER FOLLOWER 


Resistive Loading up to Maximum 
Fan-Out Typically Improves the 
Average Propagation Delay 


“50-3 0 5 0 75 10 18 
TEMPERATURE - °C 


TYPICAL DELAY CHARACTERISTICS 


LPDTpl 9040 


-50  -25 0 25 50 75) 100 185 
TEMPERATURE - °C 


PULSE GEN. 


CONDITIONS 


Voc *5-0V, C, = 50pf (INCLUDING PROBE AND J1G CAPACITANCE) 


V MEASURE =1.6V@ 55°C 
(GND. REF.) 1.3¥ @ 25°C 


0.9V @ 125°C 
WAVE FO RMS 
VMEASURE 
tpp- tpp+ 
VMEASURE 


TEST CIRCUIT 


PULSE GEN. 


PULSE GEN. 


CONDITIONS 


=5.0V, C, = 50pf (INCLUDING PROBE AND JIG CAPACITY) 


Voc. 


(GND. REF.) 1.3V@ 25°C 


0.9V@ 125°C 
WAVE FORMS 
VIN VIN 
.——— VMEASURE 
c—— V MEASURE 
tpp- 
tpD+ Wa Vout 
———~ VMEASURE .——— VMEASURE 


Vout 
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-DTpL 9093+ 9094+ 9097-9099 
DUAL MONOLITHIC, CLOCKED J-K FLIP-FLOPS 


“DIODE TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 


TEMPERATURE RANGE: -59°C to +125°C, -20°C to +100°C, O°C to +75°C 


General Description: 

e The 9093 and 9094 devices are Dual Monolithic, internally connected J-K flip-flops of the 9945 and 9948 
DTuLl type respectively. These devices have separate clocks, separate J and K inputs, separate Direct Set 
inputs and no Direct Clear input (refer to logic diagram). 

e The 9097 and 9099 devices are also Dual Monolithic, internally connected J-K flip-flops of the 9948 and 
9945 DTuL type respectively. These devices have separate J and K inputs, separate Direct Set inputs, a 
common clock input pin and a common Direct Clear input pin (refer to logic diagram). 


Typical Applications: 


e Shift Registers | 
e Two individually operated flip-flops 
e Counters 


Features: 


¢ Compatible with all DTuL 930 series 
e Compatible with TTuL | 

e Reduced can count 

e Greater logic flexibility 


ABSOLUTE MAXIMUM RATINGS 


Dp = 


Supply Voltage (Vcc) Continuous +8.0 Volts 
Supply Voltage (Vcc) Pulsed <1.0 second +12.0 Volts 
Internal Power Dissipation 25°C Ambient 500 mW 
Typical Power Dissipation 5 V (Vcc) | — 100 mW 
Operating Temperature Range | = §5° to +125°C 
Storage Temperature Range +65°C to +150°C 
Lead Temperature (Soldering 60 second) “3 | | 300°C 
LOADING RULES —55°C to +125°C 0°C to 
e INPUTS 9093/9094 9097/9099 e FANOUT — 20°C to +100°C 75°C 

. Cp: or Cp, = 2 Cp = 4 9093 —Q,,= = == 12 10 

Kork=% Kork=% 90%4—-Q=Q@2=Q=@= 11 9 

hoh=%4% sorh=% 9097—-Q=@2=Q0=0= il 9 

Spi Or Spr = 2 Sp: OF Spz = 2 9099 — Q, =Q,= 0, = 0, = 12 10 


~ PIN CONFIGURATION: Identical for dual-in-line and flat packages. 


9093/9094 | | 9097/9099 
(DUAL 9945/9948 SEPARATE S,; SEPARATE Cp) | ~- (DUAL 9948/9945 COMMON Cp; COMMON C,) 


Cp (1) (14) Voc 
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FAI RCHILD 


SEMICONDUCTOR 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 


TYPICAL DUAL IN-LINE PACKAGE 


lin 


1. Leads are intended for insertion in hole rows on .300" centers. They are 
purposely shipped wit ‘positive’ (.350) misalignment to facilitate insertion. 


2. Board-drilling dimensions should equa! your practice for a conventional .020 
inch diameter lead. , 


TYPICAL FLAT PACKAGE ~ 
TOP VIEW 


PURCHASING INFORMATION: 


To order Diode Transistor Micrologic 
Integrated Circuit elements specify 
U31XXXX5XX for flat package and U6A- 
XXXX5XX for Dual In-line package, 
where XXXX is 9093, 9094, 9097, or 
9099, and 5X is 51 for the —55°C to 
- +125°C temperature range, 56 for the 
~ —20°C to +100°C temperature range 
or 59 for the 0°C to 75°C temperature 
range. | = 


” Fairchild patent Pending 


(9093 SHOWN) 


9093/9094 


[ (14) 


(9097 SHOWN) - 


9097/9099 


O Cp (1) 


HIGH LEVEL LOGIC DIODE-TRANSISTOR MICROLOGIC® 


INTEGRATED CIRCUITS COMPOSITE DATA SHEET 
A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


0°C TO 75°C TEMPERATURE RANGE 


GENERAL DESCRIPTION — The Fairchild High Level Logic Diode-Transistor Micrologic® Integrated Circuit 
family (HLLDTuL) consists of three high voltage, high threshold hex inverters which offer extremely good 
D.C. and A.C. Noise. Immunity. These circuits are useful in applications involving a high noise environment 
or high voltage supply which prohibits the use of CCSL. 


Interfacing from CCSL to HLLDTuL is accomplished with the 9112, shifting from HLLDTuL to CCSL is ac- 
complished with the 9109. The 9112 can also be used to drive the «M3700 MOS Multiplexer. 


The circuits are fabricated within a silicon monolithic substrate using standard Fairchild Planar* and Epi- 
taxial processes. 


HLLDTuL elements are available in the hermetically sealed ceramic Dual In-Line Package (DIP), designed for 
automated and low cost insertion techniques. 


FEATURES 


¢ High Voltage Operation .. . V., Range 12 to 20 V. 

e Utilizes inexpensive external input diodes to facilitate a high density one block approach and very 
high Logic Fan-In where desired. 

e High D.C. Noise Immunity... 6.5 V minimum 

e High A.C. Noise Immunity... 10 V at 150 ns 

e Interfaces with CCSL 


ABSOLUTE MAXIMUM RATINGS (above which the reliability of the device may be impaired) 


Storage Temperature —65°C to +150°C 
Operating Temperature 0°C to +75°C 
Vcc Pin Potential to Gnd Pin —0.5V to +25V 
Output Current when output is low 40 mA 
Input Current (9109, 9110) 10 mA 


Output Voltage 25V 
Input Voltage (9112) 5.5V 


ORDERING INFORMATION 


To order HLLDTuL elements specify U6AXXXX59X, where XXXX is the four-digit number denoting the 
specific element desired. 


*Planar is a patented Fairchild process. 
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TYPICAL DUAL IN-LINE PACKAGE 


similar to 


JEDEC (TO-116) Outline | 


= 


NOTE ite 375 NOM.—o| 


NOTE 2 


NOTES: 

1. Leads are intended for insertion in hole rows on 
.300” centers. They are purposely shipped with 
“positive” (.375) misalignment to facilitate insertion. 

2. Board-drilling dimensions should equal your 
practice for a conventional .020 tinch diameter lead. 


LOGIC DIAGRAM 


VCC = Pin 14 
GND = Pin7 


EET TS 
FAIRCrFHIILD 


Seka 
SEMICONDUCTOR 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 


ELECTRICAL CHARACTERISTICS 


LIMITS 
SYMBOL CHARACTERISTIC DEVICE UNITS | CONDITIONS AND 
TS eS 

9112 ie = —0.1 mA . IL 
Vor = 20V a 

9110 Volts | Io, = 10mA 

9112 
Veco = 20V @V,. 


Vor2 Output Low Voltage 9109 
9110 1.0 
9112 


Input Low Voltage | 9109 Input Low Threshold 
9110 Volts @ Vox 

Input High Voltage 9109 Input High Threshold 
9110 Volts @ Vo. 
9112 


—0.80 —1.12 


Input Load Current — 9109 
9110 —1.20 

9112 
Output Short Circuit 9110 —9.0 —16.3 —15.6 
Current 9112 —24 —1.65 —2.3 —2.3 
loex Output Leakage Current 9110 
9112 


lopH Input High Supply 9109 
9110 
9112 


Input Leakage Current 9112 


Ground Current 9109 
9110 
9112 
Turn Off Delay 9109 
9110 
9112 
Turn On Delay 9109 
9110 
9112 


comens Vin = OV 


su = 
Veo = aN Vout = 20V 


Vin = 


Current 


Voc = 20V, Input Open 


Veco = 20V, Vp =4.0V 


Veco = Vout = 25V, 
Inputs @ GND 

See Fig. 4 

See Fig. 4 


= 
~~ 


om ~~] — ~ 
(a) on aR o1 
NO 


125 


=< 

I 
= = 
> > 


VIN “OQ” Level A.C. Noise 9110 Volts See Fig. 5 
Immunity 
Vip “1” Level A.C. Noise 9110 Volts | See Fig. 5 
Immunity 
NOTES: 


(1) Tests on 9109, 9110 are performed with FDH6 input diodes. 
(2) MIN = Vcc —2.0 V for all temperature 
TYP = Vcc —1.5 V for 25°C 
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Fig. la 


1/6 HLLDTL 9109 


1/6 HLLDTL 9110 
HLL — CCSL HLL — HLL 
Fig. 2a 
9109: OPEN COLLECTOR 
li > 9110,9112: 20 
a a A NER REFERS EDITOR ——— ee a II IRR RES SPT EAPITED 
LOW LEVEL LOAD FACTOR LOW LEVEL DRIVE FACTOR 
{see Fig. 3a] (see Fig. 2b} 
WITH FDHG INPUT DIODE FOR 9109,9110 : 
Fig. 3a Fig. 3b 


~ WORST CASE INPUT FORWARD 
CURRENT AND INPUT LOADS 
VERSUS SUPPLY VOLTAGE 


11.2 


= 
--) 


INPUT FORWARD CURRENT - mA 
i) 
Ra . ae 
& 
LOW LEVEL INPUT LOADS 


or i 
i oe a 
14 (Ct 16 


Voc - SUPPLY VOLTAGE - VOLTS 


leo 


Fig. 3d 
WORST CASE HIGH INPUT 
THRESHOLD VOLTAGE VERSUS 
_ FORWARD DIODE VOLTAGE © 


wo 
e 
°o 


Viy ~ HIGH INPUT THRESHOLD VOLTAGE - VOLTS 


0 0.2 0.4 0. 6 0. 
Ve ~ FORWARD DIODE VOLTAGE @ 10yA- VOLTS. 


WORST CASE POWER DISSIPATION 
| VERSUS SUPPLY VOLTAGE 
(PER GATE) 


POWER DISSIPATION - mW 


Ga OFF" TYP. an 


0 
12 14 16 
Voc ~ SUPPLY VOLTAGE - ie 


Fig. 3e 
WORST CASE LOW THRESHOLD 


VOLTAGE VERSUS 
FORWARD DIODE VOLTAGE 


eRe ReE 9109, 9110 

Ss ee 

aN SS 
g CNRECCECE 
NaS OS eae 
: CNOSSECCEo 
EENENSEREE 
LJ CCPS RRC 


PS RAKE 
0 0.2 0.4 0.6 0.8 1.0 
Ve ~ FORWARD DIODE VOLTAGE @ 0.7mA - VOLTS 
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1/6 HLLDTL 9112 
CCSL + HLL 


Fig. 2b 
OUTPUT LOADS 
(LOW LEVEL DRIVE FACTOR) 
VERSUS SUPPLY VOLTAGE 


Wee 

aa a Be Se ea J) 

eae ST es Ca a ac ae ca 
Sf ede ee a 
a OT ERT (Sd SR Oc 
Wo de ee | 
z ae aa Ws dee 
ee eee (ea el a ea a ee 
= aes EE RS OC 
a es EE 7 Ge 
S (LA a 
ama Rs © as (eens RoR) IS eee 
ee Pc GEA a a a 
SK Yoo} —} _} _} 
ES Cae EI Rl es eae SEG GS 
a Rs ea ane ae el An 
ce cae ee ae eel ee ee 


2 14 16 18 
Vecy SUPPLY VOLTAGE - VOLTS 


Fig. 3c 
WORST CASE HIGH LEVEL 
D.C. NOISE IMMUNITY 
VERSUS TEMPERATURE 


hod 


WORST CASE D.C. NOISE IMMUNITY - VOLTS 
= s 


~ 


tee anion er ie =G 
Fig. 3f 
WORST CASE LOW LEVEL 


D.C. NOISE IMMUNITY 
9 VERSUS AMBIENT TEMPERATURE | 


“AAA moat | 
lav< Veoe? 20v 
I< FO<28, 4 


oe 


~ 
e 


a 
e 


WORST CASE LOW LEVEL D.C. NOISE |MMUNITY - VOLTS: 


w 
. 


T, ~ AMBIENT TEMPERATURE - °C 


tits < 10ns 
FREQ = 1.0MHz 


Fig. 3g 
TURN OFF DELAY 


+- TURN OFF DELAY - ns 
8 Kd 


ed 


0 ra) 30 5 
T, ~ AMBIENT TEMPERATURE - °C 


PULSE ¥ 
GENERATOR 
C, 


i ot 
PT tLe 
| Deva | 
I | 
V | | | 
INO C : | je | 
C, OUT. 4 
= al DUT. 
V _ 
IN 
Th 
rw] 


Vout 
V2 -—— 4 ——— —— 


Fig. 3i 
TYPICAL A.C. NOISE IMMUNITY 
INPUT VOLTAGE VERSUS 
PULSE WIDTH 


Fig. 3h 
TURN ON DELAY 
VERSUS AMBIENT TEMPERATURE 
“TTTTII Lei] 
Oe a a 
SEeRnene a 


yn 
2g Tor tons TI : 
a 
a 4 
B10 : 
S =. 
ge TPT Loe. none] | 2 
le Peele tae ae ey 4. 
Tio tye| | 
ELECT 
0 Ys) 50 75 


T, ~ AMBIENT TEMPERATURE ~ °C 


PULSE WIDTH - ns 


Fig. 4 


SWITCHING TIME TEST CIRCUIT 
AND WAVEFORMS 


Vi 
R | = 5. | Il prob 
T° s = ae peneraapdmc ets 
= C. = 15 pF 
2) Vout FDHG6 Input Diodes are 

ik used on 9109, 9110 

= = TEST CONDITIONS 
fers [ono [75 [1s | 50 | Sioa [36k 
fo110 | gi10 | 75 | 75 | 170 | 24k | 24k 
fg1i2 | 932 [| 15 | 75 | 170 | 24k | 24k 

Fig. 5 


A.C. NOISE IMMUNITY TEST CIRCUIT 


Voc 


Unused inputs grounded ; 

diodes are FDHG 

C: = 5.0 pF Includes jig and 

C2 = 10pF all probe capacitance 
C. = 15 pF 
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FAIRCHILD HLLDTL INTEGRATED CIRCUITS ) 


APPLICATIONS: Fig. 6—CCSL INTERFACING 
CCSL CCSL->HLpL Hipt =|) HLpL—>CCSL cCSL 
oC ° | _)e 
. —-91l2 | . | 9110 : 9109 


—— * FDHG INPUT DIODES 
© on 


* 


1 HLLDTL High Level Load Factor 
= 1 CCSL High Level Load Factor 
1 HLLDTL Low Level Load Factor 

= 7.5 CCSL Low Level Load Factors 


Fig. 7—LAMP DRIVER 


20V 


20 VOLT LAMP 


FOH6 = HLL 9109,9110 


FIG. 8—DRIVING MOS3700 MULTIPLEXER OR EQUIVALENT 


7.7<Vpp<8.8 VOLTS 


Loic | 


ma 
INPUT : 1 


‘. : | 
Oa AE cad aie pe em ee nee es cee pee | 


CHANNEL BLANKING OUTPUT 


’ Output Levels : min ‘‘1’’ level = Vcc —1.5V | 
: max ‘‘0’’ level = 0.2 V 


* 
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Fig. 9—SEQUENTIAL COUNTER 


DIODES ARE FDHG OR EQUIVALENT 


MAJORITY GATE : % 9109 


"4" in 


i £N Cy LS 
ZN 


cP "O"'in 

< 
- CLOCK 
A )c 2 SHIFT MODE 
4 DIODES ARE FDHG OR EQUIVALENT 
C 
tie 
 RESETO— <a on OD o DRIVE 
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-HLLDTuL 9109 
HIGH VOLTAGE HEX INVERTER 


HIGH LEVEL LOGIC DIODE-TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 
. ; A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION 
The HLLDTyL9109 isa high voltage, high threshold hex inverter designed for the conversion of 


TYPICAL DUAL IN-LINE PACKAGE 
(In accordance with JEDEC TO—116) 


id 
a 


}»—.375 TYP. —=}— NOTE 1 


| high level logic to any logic level from 4V to 20V.. The unit is characterized by a 6.5 V(min. ) 
DC Noise Immunity and a 20V/100 nsec AC Noise Immunity. The input diode has been left off 
‘the circuit so that the input can be expanded to any number of inputs which allows maximum flex- 
ibility in use. 


The 9109 is available in ceramic Dual In-Line* Package. 


FEATURES 

CCSL Compatibility 

High Voltage Operation 12to20V — 
| Utilizes external input diodes to facilitate high density building block approach 
FLO. = 7CCSL mike ? 
D.C. Noise Immunity of 6.5V 


1 Leads are intended for insertion tn hole rows on 
.300" centers. They are purposely shipped with 
“positive” (.375) misalignment to facilitate insertion. 

2 Board-drilling dimenstons should equal your 

practice for a conventional .020 Iinch diameter lead. 


ORDER PART NO. U6A910959X 


APPLICATIONS 
Interfacing from HLL to CCSL levels. 


Line receiver. 


. General purpose logic level converter . 


ABSOLUTE MAXIMUM RATINGS | | . LOGIC DIAGRAM 
Storage Temperature | ~65°C to 150°C : 
Operating temperature . —  0°C to T5°C 
Voc | | 25V 
Output Voltage | 25V sce Spina 

Output low current | 40 mA ; | 8 


GND = Pin 7 
10 


*Fairchild patent pending 


5 


SEMICONDUCTOR 
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FAIRCHILD HLLDTuL INTEGRATED CIRCUITS 9109 


6 Per Package 


CIRCUIT DIAGRAM 
ELECTRICAL CHARACTERISTICS 


LIMITS 
MIN. MAX, | MIN. TYP. MAX, 


CONDITIONS AND COMMENTS 


. Value indicated 
on this table. 


Vog 2 20V, Vp 205 | Ve =0.5V 


= 25V, Inputs GnD 


V 


ouT= 25V 


See switching time 
test circuit 


pd” 
tod” 85 200 


NOTE: Tests are performed with FDH6 input diode. 


PULSE WIDTH = lus 
REPETITION RATE = SOOkHz 


AMPLITUDE = 12V 
LoS 


a 


Ci=5 pF 


tpd- R = 5102 a = = = = = 
toat R = 3.6kQ *With FDH6 Input Diode 


CIRCUIT AND WAVEFORMS FOR SWITCHING TESTS 
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HLLDTuL 9110 
HIGH VOLTAGE HEX INVERTER 


HIGH LEVEL LOGIC DIODE-TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 
| A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION 


The HLLDTyL 9110 is ahigh voltage, high threshold hex inverter with extremely good D.C. and TYPICAL DUAL IN-LINE PACKAGE 
A.C. NoiseImmunity. Thecircuit is useful in applications involving a high noise environment et alicia 
or high voltage supplies which prohibit the use of DTyL. JEDEC (10-116) Outline 


The 9110 contains six basic logic building blocks from which more complex functions (Flip-Flop, 
Shift Registers, etc.) can easily be built. : 

The 9110 is available in the hermetically sealed cermic Dual-In-Line Package (DIP), designed 
for automated and low cost insertion techniques. 


FEATURES 


® High Voltage Operation Voc Range 12 to 20V. | | i. “ety 
: ‘ . TYP. 
e@ Utilizes inexpensive external input diodes to facilitate a high density building block approach tt 


and a very high logic Fan-In where desired. 
e High D.C. Noise Immunity 6.5V minimum 
e High A.C. Noise Immunity 10V at 150 ns. 


APPLICATIONS , 
Industrial Control Logic, Automotive Logic, Lamp Driver, Relay Driver 
ABSOLUTE MAXIMUM RATINGS - ss 7 Oe a 
Storage Temperature | - =65°C to 150°C | *Voalicealyshipbsdaitt Gashive' osbl vananeinrentn waltats marion, 


inch diameter lead. 


Operating Temperature 


0 ‘ C to 7 5 : C , , . 2. Board-drilling dimensions should equal your practice for a conventional .020 


Vie 25V 
Output Voltage oy ORDER PART NO. U6A911059X 
Output low current 40mA a 


LOGIC DIAGRAM 


CIRCUIT DIAGRAM 


6 PER PACKAGE * Fairchild patent pending 


FAIRCHILD 


SEMICONDUCTOR 
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ELECTRICAL CHARACTERISTICS 


| LIMITS 
SYMBOL . -0°c : | 25°C S | CONDITIONS 
| MIN. TYP. MAX. MIN. MAX, AND COMMENTS 


Vou (min. ) = Vcc ~2-9V) cc = 12 to 20V 
Vonttyp.) = “ec ~15V) = -0.1 mA @V,, 
7.0 ; Vog = 12 to 20V 
0. 25 0.5 e ‘ Voc =12V 
Ior = 20 mA @ Vin 
Vec = 12 to 20V 
VE =0.5V 
V = 20V 
oe OY 
Vec = 20V 
Inputs open. 
Inputs GND 
Outputs = 25V 
See switching 
test circuit. 


cc 


SWITCHING TIME TEST CIRCUIT 


C) = SpF 
Co = 10pF Cy = 15pF 
tpd- : R= 24k 
tpat : R = 24k 
“INCLUDES JIG CAPACITANCE 


DIODES ARE FDH6 
GND UNUSED INPUTS 


tr, tr <10ns 
Freq. = 1MHz 
(INCLUDES JIG AND 
PROBE CAPACITANCE) 


UNUSED INPUTS GROUNDED 
DIODES ARE FDH6 


C) = SpF HIGH LEVEL AC NOISE IMMUNITY 
Co = 10pF 


TEST CONDITIONS AND LIMITS 


3-76d © 


DTuL 9111 
PARALLEL GATED-CLOCKED FLIP-FLOP 


FAIRCHILD DIODE-TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 
INDUSTRIAL MICROCIRCUITS - 0°C TO +75°C TEMPERATURE RANGE 


GENERAL DESCRIPTION - The DTyL9111 is a Parallel Gated, Clocked Flip-Flop. It features 


directly coupled units operating on the "master-slave" principle. Operation is logically and TYPICAL DUAL IN-LINE PACKAGE 

electrically identical to the DT.L9948 with the addition of another pair of two-input gates at the 290 

inputs of the flip-flop. This feature enhances the Logic design of some counters and shift- ; i 

registers and can significantly reduce can count. 

A direct clear input is provided which allows asynchronous entry irrespective of signals fee 

applied to any other inputs. | | " “ef [>—.380 max—ef— NOTE 
——_ 


Output buffers provide isolation between the "slave" and the output load, thereby enhancing 2 OF 


.785 
MAX. 


immunity to signal line noise. 


The DTy.L9111 is completely compatible with all of the Fairchild 9930 Series Diode-Transistor 


'Micrologic® integrated circuits. 3 nore — | 250 


MAX. 


NOTES: | 
1. Leads are intended for insertion in hole rows on .300" centers. They are 
purposely shipped witt ‘positive’ (.350} misalignment to facilitate insertion. 


2. Board-drilling dimensions should equat your practice for a conventional .020 
inch diameter lead. : 


TYPICAL FLAT PACKAGE 
TOP VIEW 


LOGIC DIAGRAM | INPUT-OUTPUT LOADING FACTORS 


(V = 5.0 V) 


CC 


[-.1875--|.—.265 max ——~}-1875-+ 


Pins 6 & 8 = 11 


Input Loading | ORDER INFORMATION: 
meee Pins 2, 3, 4, 5, 9, 10, 11, 12 To order the DT yL9111 
element, specify the fol- 
| lowing Part Number: © 
S, + 8, +8, - 84) C, | -U31911159X for Flat Pkg. 


2 
| ; | U6A911159X for Dual In- 
» Cot Cg Cy)C, +C) | | Line Pkg. 


FAIRCHILD 
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SCHEMATIC DIAGRAM 


OVcc 


6Q0 PJ 3 —00 8 , 
cal 2 et ft tel : 


O 1 Cp O- 4 O 


- ArT & - 
+ 


OCP 13 


TRUTH TABLE 


SYNCHRONOUS ENTRY , ASYNCHRONOUS ENTRY* 
INPUTS OUTPUTS INPUT | OUTPUTS 
th t +1 
Pin 2 3 4 5 9 10 11 12] 6 8 | Pin 1 6 8 
L xX L xX L xX L X| NC NC. H | NC NC 
X L xX L Xx L xX L NC NC L L H 
H H X KX L X* X L] HL | 

I A no * Asynchronous entry is independent 
L X X XK H H X X L HH .f | _ of all other inputs and overrides 
Xx LbLx x xX HG L H synchronous entry. 
H H X X H H X= X|Undeter- | 

_ sei NOTES: 
my i eee ee ee See (1) Pin numbers refer to flat package or dual in-line package. 


(2) Abbreviations used in the body of tables: 


This is a. partial table showing significant input-output ‘L = low, the more negative voltage level 


conditions. Other conditions are similar combina-. 


tions. Operation is best defined by the set and clear H = high, the more. positive voltage level | 
functions shown on Page 1. (In all cases, unused pins have the same effect as high. ) 
For J-K Mode operation: X = immaterial, either H or L has equal effect 

Connect 6tolland9; 8to3and5. . | | | NC = no change, the trigger-pulse has no effect on outputs 
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tpd TEST. CIRCUIT 


° Voc 


(Vag = 5.0V, T = 25°C) © 


CC 
R C Min. Max, 
t, d+ 20k S30pF 30ns 65ns 
to q 3302 SOpF 30ns 75ns 
PULSE IN 
2 100ns 
WAVE FORMS 
| . VIN 
| | | | VMEAS: VMEAS. 
DIODES ARE FD600 OR EQUIVALENT. | ——GND 
_ toa- teat 
ALL C's INCLUDE JIG & PROBE. es = 
| VMEAS. —VMEAS. 
GND 
Vv = 1.5V at +25°C 


meas. 


TYPICAL APPLICATIONS 


SHIFT RIGHT / SHIFT LEFT SHIFT REGISTER 
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TYPICAL APPLICATIONS 


a 


f 
Sey 


al 


SHIFT 
e 
| 
IN 
Cc 


O 
LOAD 


SHIFT REGISTER WITH PARALLEL INPUT LOADING 


rs 


SERIAL ENTRY - BINARY COUNTER 


UP 
© 


8 4] 


e 
DOWN 


_ THREE STAGE MOIBUS COUNTER 


SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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HLLDTpL 9112 
HIGH VOLTAGE HEX INVERTER 


HIGH LEVEL LOGIC DIODE-TRANSISFOR MICROLOGIC® INTEGRATED CIRCUITS 
A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION oe 
The HLLDTuL9112 is a CCSL tohigh level hex interface element, The 9112 consists of six gates TYPICAL DUAL IN-LINE PACKAGE 
suitable for converting from CCSL levels up to high-logic levels (10V to 18V.) “The 9112 is ideal Dee I ete res 


for driving MOS devices such as the M3700 element (6 Channel Multiplexer. ) ” 5 * 
The 9112 is available in ceramic Dual In-Line* Package, 


-200 MAX. 


}-—.375 TYP.—={— NOTE 1 | 


FEATURES 


CCSL Compatipility 

High Voltage Operation Voc Range 12 to 20V__ 
F.O. = 10 HL 

Wired-OR Capability _ 


Good AC Noise Immunity _ . 


NOTES: - : 

1. Leads are intended for insertion in hole rows on 

; ; ; ae ; : ; .300” centers. They are purposely shipped with 

: : Sie ‘ “hei : ee : , : “positive” (.375) misalignment to facilitate insertion. 

2. Board-drilling dimensions should equal! your 
practice for a conventional .020 linch diameter lead 


ORDER PART NO. U6A911259X 


“APPLICATIONS = 


CCSL->HL interface element __ 
MOS driver | 
Ee wae LOGIC DIAGRAM 


_ ABSOLUTE MAXIMUM RATINGS 


Storage temperature -65°C to 150°C 


Operating temperature : ~ 0°C to 75°C | 

| VCC = Pin 14 
Voc 25V | | a ee 
Output Voltage | 25V = | : | oo = Pin 7 
Output low current 40 mA . 7 | 


*Fairchild patent pending 


SEMICONDUCTOR 


/ 
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6 Per Package 


CIRCUIT DIAGRAM 
ELECTRICAL CHARACTERISTICS 


LIMTTs 


| msc | s«UNITS 
MIN. MIN, TYP. MAX. | MIN. MAX, 


SYMBOL 


Von Volts Voc = 20V, 
(Output High) 
table, 
(Output eee Vin = OV 
(Output Low) 
tt 2 ae oe. 2 5.3 ere 


-1, 20 -0.8 -1.12 -1.12 
cut Low) 
-1,65-2,3 
eee ee 
IppH 
(Power Diss. ) 
‘J PDL 6.0 9. 0 
(Power Diss. ) 


400 
rake on 
200 


t dé 
1.5V——— 
=o 


a 


= 


tog-: R= 2.4k 


Vout = 


V 


EEE 


OUT 
See switching time 
test circuit 


a) 
mn 


ns 


am 
= 


p 
(Turn On) 


=) 
= 
= 

= 


© 
a 
So 


Vout ©) 


PULSE WIDTH = lys 


tpat: R = 24k REPETITION RATE = 500kHz 
Vi =17V AMPLITUDE = 3V rade = 


CIRCUIT AND WAVEFORMS FOR SWITCHING TESTS 
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CONDITIONS AND COMMENTS 


lon =0,.1 mA 
Vin = Value indicated in this 


Vin= Value indicated in this 


Voc = 20V, Vy =0.45V 


Voc = 20V, Input open 


Vac = 25V, Input GND 


9300 


MSI 4-BIT SHIFT REGISTER 


A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION — The 9300 Four Bit Shift Register is a high speed multi-functional 
sequential logic block which is useful in a wide variety of register and counter applications. 
As a register it may be used in serial-serial, shift left, shift right, serial-parallel, parallel-serial, 
and parallel-parallel data transfers. The circuit uses TTuL for high speed and high fanout capa- 
bility, and is compatible with all devices in the CCSL group of digital integrated circuits. 


e 15 MHz shift frequency 

e Synchronous parallel entry 

e J, K inputs to first stage 

e Asynchronous common reset 

e Typical power dissipation of 300 mW 

e The input/output characteristics provide easy interfacing with Fairchild DTuL, 
LPDTuL, and TTul families (CCSL). ; 

e All ceramic “HERMETIC” 16 pin Dual In-Line package. 

° Input diode clamping 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature | —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Voc Pin Potential to Ground Pin —0.5Vto +7V 
Voltage Applied to Outputs for high output state —0.5 V to +V.c¢ value 
Input Voltage (D.C.) = 0.5 V to +5.5V 


ORDER INFORMATION 


Specify UGB9300XXX for 16 pin Dual In-Line package where XXX is 51X for the —55°C to +125°C temp- 


erature range, or 59X for the 0°C to +-75°C temperature range. 


313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 
) 2G 
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PHYSICAL DIMENSIONS 


023 
MAX. 


L018 MIN. 


NOTES: 

1. Leads are intended for insertion in hole rows on 
.300" centers. They are purposely shipped with © 
“positive” (.375) misalignment to facilitate insertion. 

2. Board-drilling dimensions should equal your 
practice for a conventional! .020 linch diameter lead. 


Figure 1 


LOGIC SYMBOL 


J PE Po Py Po P3 
Cp 9300 SR 


_Q2 93 °3 : 


Vcc = PIN 16 
GND = PIN 8 


Figure 2 


ILD 


SEMICONDUCTOR 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 


FUNCTIONAL DESCRIPTION 


The logic- symbol of Figure 2 provides an indication of the functional characteristics of the 9300 four bit shift register. Several special logical features of the 
9300 design which provide a high degree of general usefulness are described below: 


1. A JK input is provided to the first flip flop in the register. This type of input is the same as the more common JK input except that the low voltage 
level activates the K input. This provides the greater power of the JK type input for more general applications and at the same time the simple D type 
input that is most appropriate for a shift register can be easily obtained by simply tying the two inputs together. 


2. There is no restriction on the activity of the J or K inputs for logical operation — except for the set up and release time requirements. 


3. Parallel inputs for all four stages are provided. These will determine the next condition of the shift register synchronous with the clock input, whenever 

the Parallel Enable input is low. With the Parallel Enable input low the element appears as four common clocked D flip flops. When the Parallel Enable. 

is high, or not connected, the shift register performs a one bit shift for each clock input. In both cases the next state of the flip flops occurs after the 
low to high transition of the clock input. 


4. An internal clock buffer provides both reduced clock input loading, and the ability to gate the clock with only a 1 single NAND gate. 


d. The active high output is provided for all four stages and an active low output is provided for the last stage. 


6. A master asynchronous clear input allows the setting to zero of all stages, independent of the condition of any other inputs. 
TABLE | — TRUTH TABLE 7 TABLE if — LOADING RULES (1 U.L. = 1 TTyuL Gate Input Load) 
FOR SERIAL ENTRY | 
(PE = HIGH, MR = HIGH, (n + 1) indicates 
state after next clock) | INFUTS LOADING 
K J, K, MR, Po, P,, P, & P; 1ULL. 
PE . 2.3 ULL. 
aa C, | AUL. 
L oH Q, at t, (no change) : 
HL Q, at t,, (toggles) OUTPUTS FANOUT 
H H H . = 
_ Qo: Q, Q., Q, &Q, ; 6 ULL. 
TABLE Ill 


CHARACTERISTICS CONDITIONS & COMMENTS 


CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (T, = —55°C to +125°C, V.. = 5.0V +10%) (Part ##U6B930051X) 
| LIMITS 
MIN. MAX. | MIN. TYP. MAX. | MIN. ‘ia 
eee oe | 
threshold for all inputs 
threshold for all inputs 
J, K, MR, P,P, Py & P, —l. 24 0.97 —1. _ —1. 2A 
J, K, MR, Po, P,, P, & P; | | 
TABLE IV | | , 
ELECTRICAL CHARACTERISTICS (T, = 0°C to +75°C, Veco = =5.0V+5%) (Part #U6B930059x) 
LIMITS 
MIN. MAX. | MIN. TYP. MAX. MIN. MAX. 
i Input High Voltage 19 ala Volts i= = 4.75 v lo, = 8.5 mA 
Guaranteed input high 
| threshold for all inputs 
| | | {threshold for all inputs 
| J, K, MR, P,, P,, P, & P, ae _141 0.9 - 1.41 Voc = a75y, V; = 0.45 V 


| Input Leakage Current* PA Woo = 9.25 V, Vp = 4.5V 
J, K. MR, Po, P,, P, & P, 


“For cp and PE input currents, use load factors in Table II 
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Vipyy 7 INPUT CURRENT - mA 


INPUTS 


MR, J, K, P,, P,, P> & P, 


" Vpqy > INPUT VOLTAGE - VOLTS 


OUTPUTS 


Noy “OUTPUT CURRENT - mA 


TYPICAL INPUT AND OUTPUT CHARACTERISTICS 


. Vec 
EQUIVALENT CIRCUIT | 


PE 


Merge aa eee 
Pi i ee 
a Cael ee | ae ae es 
a as a Ai i ae 


[yy 7 INPUT CURRENT - mA 


STs 
ONE 


Vi 7 INPUT VOLTAGE -VOLTS Vin 7 INPUT VOLTAGE - VOLTS . 


EQUIVALENT CIRCUIT 


OUTPUT CURRENT VERSUS OUTPUT VOLTAGE 
(Qo; Q,, Q,, Q, AND Q;) 


LOW STATE | HIGH ae 


lyr ~ OUTPUT CURRENT - mA 
a 
|| 
i 
= 
Pi a 
aN 
|_| 
i 
pa 
= 
ie 


3 aaa 
Ee? ace e ee we 
JGR ai 


Vesa ees 
go 
0 


1.0 102, 5.0 
Vout ~ OUTPUT VOLTAGE - VOLTS Voyr ~ OUTPUT VOLTAGE - VOLTS 
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FAIRCHILD MEDIUM SCALE INTEGRATION - 9300 


SWITCHING CHARACTERISTICS (T, = 25°C) (Parts 4#U6B930051X and U6B930059X) 


SYMBOL CHARACTERISTIC 


Turn Off Delay 
Turn On Delay . 


Frequency | 
as eee 


CONDITIONS & COMMENTS | 
(See Fig. 5 & 6a) | 
Veco = 5.0 V, C, = 15 pF 
(See Fig. 5 & 6c) 


(See Figs. 6a & 6b) 


UNITS 


+ 
pw 
[ReleaseTime 
| t.(PE) Set-up Time for PE 
t.(PE) Release Time for PE 
oa — (MR) Reset Time forMR 
Recovery Time for Mh 
Min Reset Pulse Width 
SET-UP TIME: t, is defined as the minimum time required for the logic level to be present at the logic input prior to the clock transition from low to high 
in order for the flip-flop(s) to respond. 
RELEASE TIME: t, is defined as the maximum time allowed for the logic level to be present at the logic input prior to the clock transition from low to high 
in order for the flip-flop(s) not to respond. 


RECOVERY TIME FOR MR: t...(MR) is defined as the minimum time required between the end of the reset pulse and the clock transition from low to high 
in order for the flip-flop(s) to respond to the clock. | 


t 
t 
f 
C 
t 
t 


pd 

pd 

st 
P 

. 

$ 

r 


Figure 3 Figure 4 
PROPAGATION DELAY — PROPAGATION DELAY — 
CLOCK TO Q; OR Q, CLOCK TO Q; OR Q; 
OUTPUT VS TEMPERATURE OUTPUT VS TEMPERATURE 
“(se raseaé | | [ | | Z| “(seerasaae] | | | | | A] 
Ree See Ae 


ae eeseay ee 
fleece 


2 Z 
c 
y, ' 
q Y{ | es 
a 52 7 | a] 
e 2 
S S 
= 44 = 3% 
oO 4 
< a. 
So. =) 
S & 
oe ~ 28 
’ + 
= ‘B 

2B 20 

20 12 

55 -35 -15 +5 25 45 65 «85 105 125 55-35-15 5) (25 45 6585 «105125 
TEMPERATURE °C TEMPERATURE °C 
Vec=t5V 
Vin 2k 


sae 
ia 10 


- 11 
purse | CP 9300 SR Q3p | 
GEN 17 aK MR Qo Q1 Q2 Q3 GND 

TTL 9002 


Pulse Generator Output 

1. Switching Time (tpd+ & tpd—) Tests 
Rise Time < 15 ns = 
Fall Time < 15 ns 
Amplitude =~ 4 V CL includes 
Freq. = 2 MHz - 5% at 50% duty cycle CL CL CL CL CL : probe and jig 

2. Shift Right Frequency Test . de a a0 a a capacitance 
Rise Time < 15 ns = = = me 


J PE Po Py Po P3 


Fall Time < 15 ns 3 
Amplitude ~ 4 V (O) (0) (O) (0) (0) 
Freq. = 15 MHz with pulse width — VOUT VOUT Vout YouT VouT 


adjustment so that Vin has 
duty cycle of approx. 50%. 


Figure 5 — SWITCHING TIME & SHIFT RIGHT FREQUENCY TEST CIRCUIT 
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Fig. 6a 


DATA BE Eh ee Py 
SERIAL OR 
PARALLEL 
cP —1.5V 
ouTpuT—— — i 1.5V 
Wik 1.5V 
t . t 2 
pd- pd+ aes 
MR pw. o 
—>| tre 
Fig. 6c 
1.5¥ —fas33ns>\e-333ns 
Vin 
5V =66ns —-— =66ns 
Vout 


{PIN 12 OR It) 


DATA Dyas pt res te te ce ieee 
SERIAL \ 1.5V 


OUTPUT f ae / 


Vout Frequency = 4% X VIN Frequency 


Figure 6 — SWITCHING TIME & SHIFT RIGHT FREQUENCY WAVEFORMS 


APPLICATIONS — The 9300 has been designed to be useful in a wide variety of applications. The multifunc 


trated by the applications shown below. 


tional capability of the Fairchild 9300 is illus— 


LS/RS SELECT 
Cen LS DATA IN 
RS DATA IN Racca | : = 
S . J PE Po Py Pa P3 J PE Po Py P2 P3 
| Cp 9300 SR ° Cp 9300 SR | 
ar ii{|—4e = 
—d K mR Q % 2 2° ———d kK mr Qo % 02 03 °° 
Z . Zz | | RS DATA OUT 
LS DATA OUT | : ; = : | 
CLOCK _ parece) — 


MASTER RESET 


- Figure.7 — EIGHT BIT LEFT/RIGHT SHIFT REGISTER 


This register shifts Left or Right on each shift clock, depending upon the condition of the LS/RS SELECT 
input. If this input is high, Right Shift occurs and if low, Left Shift occurs. 


j PE Po Py Po P 
Cp 9300 SR 
aK MR 


Q3 


Q3 


INPUT READ 
REQUEST 


SERIAL 


OUTPUT 


Figure 8 — SEVEN BIT PARALLEL TO SERIAL CONVERTER 


This parallel to serial converter uses a marker bit, to count the data bits shifted out, so that a parallel load . 
- enable is generated to load the next parallel word for conversion at the correct time. 
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SELECTOR SWITCH SHOWN IN N=15 POSITION 


23 4 5 6 7 8 9 10 11 12 13 14 15 


INPUT 


MASTER 
RESET 


2 eee 
eee 
J PE Po Py Po P3 
= 9300 SR Q3 


MR Qo 1 Q2 Q3 
es ae ee 


OUTPUT 
fin +N 


Figure 9 — DIVIDE BY N COUNTER FOR N = 2 to 15 


This counter produces an output pulse for every N.input pulses, where the number N is determined by the 
setting of the slide selector switch as shown or by logic inputs to the parallel data lines from an external 


source. 


LSD : 
= SELECTOR 
~¥ SWITCH 


J PE Po Py P2 P3 
9300 SR 


COUNT SEQUENCE 


i<o) 


Orermo Ww Pf onn~s © 


0 


(on) 
(a) 


OF RF FY OF kK oO 
See OMe K CO © 


0 


KS es OM KH OOO OC 
KH OFM KYM COO OO HK 


this setting. 


MSD 
_ SELECTOR 
SWITCH 


J PE Po Py Po P3 


C 9300 SR 
i . Q3 Z 


OUTPUT 
fin :N 


Figure 10— TWO DECADE PROGRAMMABLE DIVIDER 


This circuit divides by any number “nN” from 1 to 100. The selected N is one greater than is shown on the 
slide switches. As an example the switches are showing 56, therefore the circuit will divide by 57 with 


3-86 


9301 
MSI ONE-OF-TEN DECODER 


A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


CENERAL DESCRIPTION — The 9301 is a multipurpose decoder designed to accept four PHYSICAL DIMENSIONS 
‘inputs and provide 10 mutually exclusive outputs. The circuit uses TTuL for high speed and | oR 
hgh fan out capability, and is compatible with all members of the CCSL group of digital 
irtegrated circuits. 


e Multi-function capability 
e Mutually exclusive outputs 


¢ Guaranteed fanout of 10 TTL loads over the full temperature range and supply 
voltage ranges 


e High capacitive drive capability 

© Demultiplexing capability 

e Typical power dissipation of 145 mW 

e The input/output characteristics provide easy interfacing with Fairchild DTuL, 
LPDTvL and Tl families (CCSL). 


NOTES: 


46 ” s 1, Leads are intended for insertion in hole rows on 
e All ceramic “HERMETIC” 16-pin Dual In- Line package | ODE Conia They LieGuigonct shinee! Gin 
“positive” (375) misalignment to facilitate insertion. — 
© Input clamp diodes limit high speed line termination effects | ‘ sae ol aur Matto gl Aah oa 


3 | Fig. 1 
ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) | 

Storage Temperature —65°C to +150°C 

Temperature (Ambient) Under Bias —55°C to +125°C 

Voc Pin Potential to Ground Pin —0.5V to +7V — : 

ce ee LOGIC SYMBOL 
Voltage Applied to Outputs for high output state —0.5 V to +V.¢ value 5 4 ,; 
Input Voltage (D.C.) | —0.5Vto +5.5V a oe 
| a Ao A Ae Az 

ORDER INFORMATION | | | VW eee 27 6 
Specify U6B9301XXX for 16 pin Dual In-Line package where XXX is 51X for the —55°C to +125°C temp- 0o123 4 5 6 789) 


erature range, or 59X for the 0°C to +75°C Pipers range. 


BI2NI093 4567 


Vec=PINIG GND = PINS 


Fig. 2 


*Fairchild patent pending. 


ae SEMICONDUCTOR 
313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 _ A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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FUNCTIONAL DESCRIPTION - 


The 9301. Decoder accepts four active high BCD inputs and provides ten mutually exclusive active low outputs, as shown by Figure 2. The active low outputs 
facilitate memory addressing when inverting drivers are used between decoder and memory elements such as the 9033. 


The logic design of the 9301 ensures that all outputs are high when binary codes greater than nine are applied to the inputs. 
The most significant A, input produces a useful inhibit function when the 9301 is used as a 1 out of 8 decoder. This is illustrated in the 1 out of 32 decode 
shown in Figure 9. ; 


The Truth Table and Loading Rules for the 9301 are shown in Table | and Table Il. | 
| | | 


TABLE | — TRUTH TABLE TABLE !! — 


LOADING RULES (1 U.L. = TTyL Gate Input Load) 
A, A, A, A, 01234567 89 


INPUTS LOADI NG 


OUTPUTS | FANOUT 


0, 1, 2, 3, 4, 5, 6, 7, 8, &9 10 ULL. 


= le i aie em Em AR Rs i= Ee ee Rl oR ee aR AY pa 
a i A = AR a= a 
a ee 
= i i i 2 a 2 i 2 2 2 ee a 
i i a 2 a = = 
2 i in in in A i 2 A 2 2 2 2 
- i i a a i ae oe a A = i 2 
= i a 2 a i 2. i i = 
» i 2 2 A i 2 2 i i 2 2 Bm 
= A ae a ae a A A Re Rm ie a oe a 


a i ee i oi in a oe ee cool coe coe eo ol oe 


oS ee eS SE OO ca! a, tea ee ees Oe OH eo a A pe 


ST mere mor rtm rrtirer 


= i oe A ed I ea A A eo = = oe 


High Voltage Level 
Low Voltage Level 


H 
L 


TABLE lil — 
ELECTRICAL CHARACTERISTICS (T, = —55°C to +125°C, V., = 5.0V +10%) (Part #U6B930151X) 


LIMITS 
—55°C +25°C +125°C UNITS CONDITIONS 
| | MIN. MAX. | MIN. TYP. MAX. | MIN. MAX. 
Output High Voltage Pa 24 2.7 Veco = 4.5V, Io, = —0.6 mA 


Output Low Voltage 0.2 Volts Nec = = 4.5V, fue = 12.4 mA 
Input High Voltage Volts Guaranteed input high 
| | threshold for all inputs 


SYMBOL CHARACTERISTICS 


Input Low Voltage Volts Guaranteed input low 
threshold for all inputs 


Input Load Current : See | mA | 
eA Voc 850 Vp = 4.5V 


Input Leakage Current serie we aS 
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Turn Off Delay Input to Output 
~ Turn On Delay Input to Output 


See Fig 8 


TABLE IV — | 
_ ELECTRICAL CHARACTERISTICS (T, = 0°C to +75°C, Vig = 5.0V 45%) (Part #U6B930159X) 7 


\ 
\ 
\ 
\ 
| 


LIMITS | | 
SYMBOL CHARACTERISTICS o°c +25°C +/5°C UNITS. CONDITIONS 
MIN. MAX. | MIN. TYP. MAX. | MIN. MAX. | 


Output High Voltage 


ae 
Input Low Voltage | 
4, nacioumeraent =10 -16{ 0-16 | mA | Vec=525V]) acy 
=09 —14i| TAT [mA | Vcc = 475 | ¥ 
| dp =| ~—_sdInput Leakage Current Bo eel 15 60 [| 60 | vA | Voc =5.25V, Vp =4.5V 
Turn OM Delay InputtoOutpue | _———sd| ST =o 
ee ee ee ee 
TYPICAL INPUT AND OUTPUT CHARACTERISTICS SWITCHING PERFORMANCE 
| Fig. 3 7 Fig. 6 Fig. 7 
INPUTS INPUT CURRENT VERSUS TYPICAL TURN ON DELAY TYPICAL TURN OFF DELAY 
INPUT VOLTAGE VERSUS TEMPERATURE VERSUS TEMPERATURE 
EQUIVALENT CIRCUIT 48 


SS eee eee fede a 
40 
; Bg a Scag 
ce Bee 
Z eee ee Me | |e | 
co a Bea 
Ss. a Sane eee ee 22 @ee 
: aieiteeeees fa 
f 16 
2 za al ie WF lH a 
Pr ee ee Ee . 
SRR ie 
eee ad 


: 0 
“1.0 0 1.0 2.0 3.0 4.0 OSS 35-15 5 SSH «1D 95 735 “15 5 25 565 8510515 
Vin” INPUT VOLTAGE - VOLTS ie AMBIENT TEMPERATURE - °C T, ~ AMBIENT TEMPERATURE aa 


Fig. 4 OUTPUT CURRENT VERSUS 
OUTPUTS OUTPUT VOLTAGE 
OUTPUT LOW 
EQUIVALENT CIRCUIT Ht 4 Vecz5V 
Veg * 4.75V : 
OUTPUT LOW cane a ( é | 
oo oe eae eee 2ko 
(| | VIN | | 
: 9 | 
= PULSE VTL a) = 
< |__| 9002 . 
= F ISpF 15] 14 2 
T Ao Ai Ao Az 


9301 1/10DEC. 


PULSE GEN CHARACTERISTICS 
OUTPUT CURRENT VERSUS FREQ = 1 MHz 


-10 
“1.0 0-05 0 0.5 1.0 1.5 
Voyr ~ OUTPUT VOLTAGE - VOLTS 


Fig. 5 Vout 
OUTPUT VOLTAGE 
OUTPUT HIGH PULSE WIDTH s.100ns 312109 14567 (O) 
OUTPUT HIGH ” tr=tf<s i5ns 3 
5.0 AMPLITUDE 8 4V ee 


PIN 16=5V 


a Pet bd #* INCLUDES ALL PROBE AND JIG CAPACITANCE PIN 8 =GND = 
15 


lyr - OUTPUT CURRENT - mA 


-35 
“1.0 0 1.0 3.0. 5.0 7.0. 9.0 


eps cuaane inte Fig. 8 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
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FAIRCHILD MEDIUM SCALE INTEGRATION + 9301 


APPLICATIONS — The 9301 decoder may be used for BCD to Decimal or 3 bit binary to octal conversion as well as many other applications. The | 
general purpose nature of the 9301 is indicated by its use in the following applications. 


Eu Ga lake 


— GND 


STROBE 


Ago Ai A2 A3 Ao Ai Ao Az 


Ao A, Az Az 


Ao Aj 


Ao Az 


410 DECODER 1/10 DECODER 1/10 DECODER 1/10 DECODER 
930I 930I 9301 930I 
0123456789 01234567 89 0123456789 0123456789 
TTT TTT td NC ome Kd Ad 

01234567 8 9 ION 12 IS1415 I6 I8 20 22 24 26 28 30 


Fig. 9 — ONE-OUT-OF-THIRTY-TWO DECODING 


BCD CODE 


OUTPUT SELECTION 
BCD CODE 


DECIMAL EXCESS 


A2 
1/10 DECODER 


oon Ooo fF Ww HY KH © 


0123456789 101213 1415 16 I71I8 19 
OUTPUTS 


Decode any BCD code using two 9301 elements. Any 4 bit BCD code may be decoded | 
by selecting outputs as shown in the table. 


Fig.10 — DECODE ANY BCD CODE 
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ADDRESS DATA ADDRESS [OUTPUT 
ceo | LINE 


Ao A, Az2 A3 
I/1IO DECODER 
930I 


X; X3 X5 X7 X 


Data may be routed from a source to any of 8 outputs by addressing that output. 
All non-addressed outputs remain high. 


Complements of outputs 0 and 1 are available at outputs 8 and 9 respectively. 


Fig. 11— DIGITAL DEMULTIPLEXER 


[Ao A, Ao AZ 
~| 9301 Yio DECODER 
| 0 123456789) 


e 


Each output of the 9301 may be considered a minterm of the input code. 
Several sums of minterms may be generated peanomlcally using discrete 
IC gates and one 9301 decoder. 


oureut PI LJ LJ LJ 
oreur@_ SL 


Fig. 12— MINTERM GENERATOR 
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9304 
MSI DUAL FULL ADDER 


~A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION — The 9304 consists of two independent, high speed, binary 
full adders. The adders are useful in a wide variety of applications including multiple bit 


parallel add/serial carry addition, parity generation and checking, code 


majority gating. The circuit uses TlvL for high speed, high fanout operation and is com- 


patible with all members of the CCSL group of digital integrated circuits. 


e Multi-function capability 

e 8ns carry propagation delay 

e Complementary inputs and outputs available 

e Typical power dissipation of 150 mW 

¢ The input/output characteristics provide easy interfacing with Fairchild DTuL, 
LPDTuL and TTL families (CCSL). 

e All ceramic “HERMETIC” 16-pin Dual In-Line* package 


e Input clamp diodes limit high speed termination effects 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature 

Temperature (Ambient) Under Bias 

Voc Pin Potential to Ground Pin 

Voltage Applied to Outputs for high output state 
Input Voltage (D.C.) 


ORDER INFORMATION 


Specify U6B9304XXX for 16 pin Dual In-Line package where XXX is 51X for the —55°C to +125°C temp- 


erature range, or 59X for the 0°C to +75°C temperature range. 


*Fairchild patent pending 


PHYSICAL DIMENSIONS 


conversion, and 


MAX. 


ors MIN. 


NOTES: 

1, Leads are intended for insertion in hole rows on 
.300” centers. They are purposely shipped with 
‘positive’ (.375) misalignment to facilitate insertion. 

2. Board-drilling dimensions should equal your 
practice for a conventional .020 tinch diameter jead. 


Fig. 1 
—65°C to +150°C 
—55°C to +125°C 
LOGIC SYMBOL 
—0.5Vto+7V 
—0.5 V to +V.¢ value 
—0.5 Vto +5.5V 


Vcc = PIN 16 
GND = PIN 8 


Fig. 2 


313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 _ A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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- TABLE Il — 


FUNCTIONAL DESCRIPTION 
The Fairchild 9304 logic block consists of two separate high speed carry dependent sum full adders. This design allows a minimum carry propagation time 
when the adders are used in ripple carry applications. The adders are identical except that adder 2 has provision for either active high or active low inputs 
at the A and B terminals. The adders produce a low carry and both low and high sum with active high inputs, a high carry and both high and low sum when 
active low inputs are used. This principle of: duality is shown in Figure 12, where the adders are drawn as functional blocks. 


TABLE | — TRUTH TABLES 


ADDER 1 


F NPUTS OUTPUTS 


Cy 


oO 
mreereazror|s 


ol 


= oe re ae a a we ce 
= i 0 le ee sO ee 
2 See ee ee 
ee eS Soe ee 
rr trratwtrerercz 


| INPUTS LOADING 
iar [ neee 


OUTPUTS -FANOUT 


The Truth Table and Loading Rules for the 9304 are shown in Table | and Table ll. 


LOADING RULES (1 U.L. = TTzL Gate Input Unit Load) © 
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| ADDER 2 


} INPUTS, OUTPUTS 


= A a ae RR lg RR A 0 A cD ed oR i= ~~ i A i 
= oe a 0 A i A 2 oe 0 
zSeremteeereer eer eer eer eer eee Beer zee ter szrsete 
=reememer terete ree meerr mere emcee eer etter er tee 


= l= oe lm le es Ae = ee en i ee A AAR i AR OR cee ce ee oe) me a ca a oa) a a el ml 
"eter mwertrer eter sere erereem rer rer rtrszy] 


= a A A A = 0 ed od 
ee. ee 2. A. i i 2 oo 2 oo 0 oo oo 2 2 = Oo OE = 


H = High Voltage Level 
L = Low Voltage Level 


TABLE Ili — | 
ELECTRICAL CHARACTERISTICS Ms = —55°C to Ska Yeo= = 5.0V +10%) (Part 4 U6B930451X) i 


LIMITS 


CHARACTERISTICS —55°C +25°C +125°C UNITS 
| MIN. MAX. |MIN. TYP. MAX. | MIN. MAX. 


Output High Voltage 24 27 ey Volts 


Volts 


SYMBOL CONDITIONS 


lon = —1.08 mA (Pins 6 & 10) 


aa = 16 mA (Pins 7 & 9) 
lo, = 14.4 mA (Pins 6 & 10) 
lo, = 11.2 mA (Pins 5 & 11) 
Voc =4.5V, Io, = 12.4 mA (Pins 7 & 9) 

7 lo, = 11.2 mA (Pins 6 & 10) 
lo, = 8.7 mA (Pins 5 & 11) 


Volts Guaranteed input high 
threshold for all inputs 


Output Low Voltage 


1.7 


Input High Voltage 


Input Low Voltage Volts | Guaranteed input low 
threshold for all inputs 
V. =0.4V 
—6.4 F 
| i Va = 9.9 Von 


2 Input Load Current —1.6 —1.1 —1.6 —1.6 

4 |, Input Load Current —44 —6.4 —6.4 
le Input Load Current —1.24 —0.97 —1.24 —1.24 
4 i, Input Load Current —4.96 —3.88 —4.96 —4.96 


other inputs 


Input Leakage Current 15 60 60 Vec = 5.5 V, Vp = 4.5 V 
Input Leakage Current 60 240 240 | Ground on other inputs 
Vac = 5.0V 
3 cc 
See Fig.11 
ea 2 0 | 
TABLE IV— 


ELECTRICAL CHARACTERISTICS (T, = 0°C to +75°C, Voc = = 5.0V +5%) (Part 4 U6B930459X) 


LIMITS 
CHARACTERISTICS 0°C +25°C +75°C UNITS CONDITIONS 
MIN. MAX. | MIN. TYP. MAX. | MIN. MAX. 


“ehon! 7 


; 


Volts | Guaranteed input high 
threshold for all inputs 

Volts Guaranteed input low 
threshold for all inputs 


SYMBOL 


Output High Voltage Voc = 4.75V, oy = —1.2 mA (Pins 7 & 9) 
Voc = 475V, lo, = —1.08 mA (Pins 6 & 10) 


Voc = 4.75V, lo = —0.84 mA (Pins 5 & 11) 


Veo = = 5.25 V, lo, = 16 mA (Pins 7 & 9) 
lo, = 14.4 mA (Pins 6 & 10) 
lo, = 11.2 mA (Pins 5 & 11) 
Veco = 4.75 V, lo, = 14.1 mA (Pins 7 & 9) 
lo, = 12.7 mA (Pins 6 & 10) 
lo, = 9.85 mA (Pins 5 & 11) 


> 


Output Low Voltage 


Input High Voltage 
Input Low Vottage 


Input Load Current 
Input Load Current —6 4 


‘Input Load Current —5,. 64 
Input Leakage Current 


i to S 


—1.0 —1.6 —1.6 Voc = 5.25 V, Ve = 0.45 V 
—4.0 —64 —6.4 Vp = 5.25 V on other inputs 


—0.9 —1.41 —141 Veco = 4.75 V, V_ = 0.45 V 
= 6 = a = 64 


Vp = 5.25 V on other inputs 
Veco = 5.25 V, Vp = 4.5V 
a sa Ground on other inputs 


C, = 15pF 


foe] oo 
© oO 
— 
Loa] 


See Fig. 11 
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cxi| 00 
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TYPICAL INPUT AND OUTPUT CHARACTERISTICS 


INPUT CURRENT VS INPUT VOLTAGE 


_ FIG. 3 “PINS 1,2, 3, 4,.12, 15: 
i) 


EQUIVALENT CIRCUIT 


I yy INPUT CURRENT - mA 


FIG. 4 PINS 13, 14 


1.0 0 4.0 
Vin 7 INPUT VOLTAGE - VOLTS 


OUTPUT CURRENT VS OUTPUT VOLTAGE 


FIG. 5 LOW STATE 


lout ~ OUTPUT CURRENT - mA 
lour ~ OUTPUT CURRENT - mA 


Vout ~ OUTPUT VOLTAGE - VOLTS 


-TYPICAL CARRY TURN ON TYPICAL CARRY TURN OFF 
LAY T ELAY TIME 


VERSUS TEMPERATURE 


TYPICAL ADD TURN ON 
DELAY TIME 


VERSUS TEMPERATURE VERSUS TEMPERATURE 


“ns 


i 


poe ees adele ett es) 
sau ee 


PCE EE 


DD TURN-OFF DELAY TIME 


ty ~ CARRY TURN-ON DELAY TIME - ns 
7 . 
i ei 
Cy 
ee 
PPC 
ee Ee es 
- - ADD TURN-ON DELAY TIME - ns 
PO 
COPPA 
Bee bis 
EAHA 
SRW ee 
CCC 
Siar bisiiae 


i 
ei 
ete 


ia 
OCP 


a 


“55 -35 -15 5.0 2 4 65 85 105 125 
T, ~ AMBIENT TEMPERATURE - °C 


wi 


w 


-35 -15 5.0 25 45 65 85 105 125 
T, ~ AMBIENT TEMPERATURE - °C 


55 am 15 Ls 025 4 65 8 105 125 
T,.~ AMBIENT TEMPERATURE - sf 


FREQUENCY ~ 2.0 MHz | 
PULSE WIDTH ~ 250 ns 


“INCLUDES PROBE AND JIG 


Fig.11— SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


gre 6 HIGH STATE 


cE 
“HATH TET 
PECEEEEE 7 


-70 
-1.0 0. 1.0 3.0 5.0 7.0 9.0 
Vout 7 OUTPUT VOLTAGE - VOLTS 


Fig. 10 
TYPICAL ADD TURN OFF 
DELAY TIME 
VERSUS TEMPERATURE 


that - A 
oo 
° 


J-E-EH--H--8 
es ae is 
ss 
ei oe 
hp = Eases 
a a ee 
see eae ee 
esl leabae eae Cl 
“ELA 
ie i Pee teste | See Fig. 7 
See Rasa 


ee 


“55 -35 -15 5.0 2 45 65 8 105 125 
T, ~ AMBIENT TEMPERATURE ~ °C 


APPLICATIONS — The 9304 dual adder has been designed to be useful in a wide variety of applications such as addition, parity generation and 
checking, code conversion, majority gating and other applications for which this combination of logic gales may be useful. The multifunctional 
capabilities of the Fairchild dual adder can be seen. from reference to the applications shown. 


Fig. 12— FUNCTIONAL BLOCK REPRESENTATION 
The principle of duality allows 2 ways of representing each adder. The circuit is the same in both cases but the logic diagrams differ. The dual 


diagrams facilitate logic design and allow a greater understanding of the capabilities of the device. 


Cin X1 Yq — X22 Yo X3 Y3 
e @ . 

LUY I. 
C B A C B A Cc B A 
9304 FA 1 9304 FA2 | 9304 FA 1 
S S Co S S Co S S$ Cp 
e e e e ° ayer 
$} $} So So $3 $3 


Fig.13— RIPPLE CARRY PARALLEL ADDITION 
Shown above is a high speed ripple carry parallel addition scheme. 
Only one and-or-not gate relay is incurred at each stage allowing a 
typical addition speed of (N+1) x 8 ns, where N is the number of bits 


in the word. A similar scheme will work if the negation inputs are used, 


and the design acts’ as a subtractor when the complement of one vari- 
able is piaeens 
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PROPAGATION DELAY AND 
PACKAGE COUNT AGAINST 
WORD LENGTH FOR 
RIPPLE CARRY ADDITION 


el 
BERR Ae 
pale shea ad 


INN09 JDWNIVd 


PROPAGATION DELAY -ns_ - 


NUMBER OF BITS 


Fig. 14 
The curve shows propagation delay of the ripple Carry Adder drawn 


in Figure 5. Plotted on the same diagram is a curve showing the 


low package count resulting from this Ripple Scheme. 


Cc BA 
xel- . 9304 FA 2 Ct 
; a 


Ch e TO STAGE 
: Ch x+1 


WAV “ 
e 


Cc )6hO6BTCOA 

9304 FA 2 

S S$ Co 
OU) 


Sx Cx 
TO PARALLEL ADDER 


Fig. 15 — ADDITION OF SIX VARIABLES 


The above design shows how the 9304 can be used in carry save arithmetic. Six input variable are reduced 
to two where they can be added in a parallel adder. Delay between inputs and outputs is typically 50 ns, 
allowing extremely high speed computation. Additional variables may be added or the concept can be ex- 
tended to multiplication, division, and various other arithmetic operations. 


Ag Ay A2 A3 Aq As Ag A7 Ag 
GND 
sie 
{c B A c )6BUA c B A 
9304 FA 1 9304 FA 1 9304 FA2 | . 
S$ S$ Co S S$ Cy S S$ Co 
e @ ; @ e@ OO) @ 


: GND. 
mVAV, 
Cc 86h 6©BUCO<A 
9304 FA 2 
S S Cg 
O 


ODD PARITY EVEN PARITY 


Fig. 16 — BYTE PARITY GENERATION OR CHECKING Fig. 17 — 4 BIT PARALLEL GRAY TO BINARY CONVERSION 
The 9304 can be used for parity checking or generating. The above A 4 bit parallel binary to gray conversion is shown. The adders can also 
design uses 2 9304's to generate parity for an 8 bit byte or check be used for other cyclic code manipulations. 


parity over 9 bits. The delay from input to odd parity is typically 35 ns. 
Additional adder blocks can be used to generate or check parity over 
larger word lengths. The concept can also be used for hamming and 
cyclic code generation and checking. 
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| 9306 
MSI UP/DOWN BCD COUNTER 


A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION — The 9306 is a high speed synchronous 8421 BCD up/down decade counter. It is 
a synchronously. presetable, multifunctional MSI building block useful in a large number of counting, digital 
integration, and conversion applications. Seven decades of synchronous operation are obtainable with no 
external gating packages required through an internal carry look-ahead counting technique. 


PHYSICAL DIMENSIONS 


FEATURES: 


e SYNCHRONOUS COUNTING AND PARALLEL ENTRY 

e DECODED TERMINAL COUNT 

e BUILT-IN CARRY/BORROW CIRCUITRY 

e TYPICAL POWER DISSIPATION OF 350 mW 

e THE INPUT/OUTPUT CHARACTERISTICS PROVIDE EASY INTERFACING WITH FAIRCHILD DTuL, 
LPDTuL, AND TTul FAMILIES (CCSL). 

e ALL CERAMIC HERMETIC 24 PIN DUAL IN-LINE PACKAGE 

© INPUT DIODE CLAMPING 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias | —55°C to +125°C 
Vcc Pin Potential to Ground Pin | —0.5Vto+7V 
Voltage Applied to Outputs for high output state —0.5 V to V.¢ value 
Input Voltage (D.C.) —0.5 V to +5.5V 
ORDER INFORMATION — Specify UGN9306XXX for 24-pin Dual In-Line package where XXX is 51X for the LOGIC DIAGRAM 


—55°C to +125°C temperature range, or 59X for the O0°C to 75°C temperature range. 


Voc — Pin 24 
Gnd — Pin 12 


SEMICONDUCTOR 


313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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FAIRCHILD MEDIUM SCALE INTEGRATION + 9306 


FUNCTIONAL DESCRIPTION —A clock buffer and inverter drives the four clocked RS master-slave flip flops in parallel, so that synchronous operation 
is obtained. When the clock input (CP) is low, the slave is steady, but data can enter the master via the R and the S inputs. During the low to high 
transition of CP, first the data inputs (R and S) are inhibited, so that a later change in the input data will not affect the master; secondly, the now 
trapped information in the master is transferred to the slave and is reflected at the outputs. When the transfer is completed both the master and 
the slave are steady as long as the clock input remains high, and regardless of the logic state at any other input to the device. During the high to 
low transition of the clock input, first the transfer path from master to slave are inhibited, leaving the slave steady in its present state, secondly, the 
data inputs (R and S) are enabled so that new data can enter the master. As a result of this synchronous operation higher clock frequency is » 
possible and much less external logic is required in most applications. Mode selection is accomplished as shown in the table below. However, several 
restrictions are placed on the manner of selection. First, the transition of CE from high to low or of PE from low to high may only be done when CP 
is high. Second, any change of CD must be done only when CP is high. The remaining transitions may be made by following the setup and release 
times specified under “Switching Characteristics.” 


MODE SELECTION SCHEME LOADING RULES 
(1 U.L. = 1 TTL input gate load) 
CE Mode 
0 0; 0. presetting INPUT | FAN IN 
0; O|; 1 presetting CD, CE,, CE,, CE,, | 1 Unit Load 
0; 1] 0 presetting | CE,, CE,, CE, 1 Unit Load 
0; 1] 1 | presetting | cP,PE 2 Unit Loads 
1 1 1 count up : 
1 0 1 countdown Po, Pi, Pop P; 2/4 Unit Load 
: ze pe OUTPUT FAN OUT 
Qo, Q, Q., Q,, TC | 6 Unit Loads 


Note: CE = CE,’ CE,* CE, CE,» CE, CE, 


ELECTRICAL CHARACTERISTICS (T, = —55°C to +125°C, V., = 5.0V +10%) 


| LIMITS | | 
SYMBOL CHARACTERISTICS +25°C +125°C UNITS CONDITIONS & COMMENTS 
MIN. TYP. MAX. | MIN. MAX. | 
Output High Voltage 24 2.7 — | Veco = 4.5 V, lop = —0.36 mA 
| 


eas! 24 
| Veco = 4.5V, lo, = 7.44 mA 
a celle en ee ed teed =~ 
| threshold for all inputs — 
threshold for all inputs 
l. : —1.6 | 
Input Load Current: 


mA 
mA 
mA 
Por Py, Po, P3_ | 
‘Input Leakage Current pA 
E,, E,5E,, E,, Ey, E., CD , | 
Input Leakage Current 120 pA 
CP, PE 
Input Leakage Current 40 BA 
Po» Pi, Po, P; | 
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Input Load Current 
E,, E,, E,, E;, E,, E;, CD 

Input Load Current 

CP, PE 


FAIRCHILD MEDIUM SCALE INTEGRATION + 9306 


ELECTRICAL CHARACTERISTICS (T, = 0°C to +75°C, Veg = 5.0 V 45%) 


LIMITS : | | 
425°C +75°C UNITS CONDITIONS & COMMENTS 
MAX. | MIN. MAX. 
[24 | Volts | Veg =4:75V, loy = —0.36 mA 
0.2 (0.45 Voc = 5.25V, Io, = 9.6 mA 


Volts Veco = 4.75 V, Io, = 8.5 mA 
Guaranteed input high 
| threshold for all inputs 


Volts Guaranteed input low 
threshold for all inputs 


Input Load Current ; ; ; : 
Es, Ey Eos Eas Gas eer CD 
Input Load Current ; , Veco = 5.25 V 
CP, PE Ve = 0.4V 
Input Load Current : ; : 
Poy Pi, P,, P, 


Input Leakage Current yA 
Ey E,, E,, E;, E,, E,, CD | 
Input Leakage Current uA Veco = 5.25 V 
CP, PE Vp = 4.5 V 
Input Leakage Current BA 
Po Pi, P,, P3 


SWITCHING CHARACTERISTICS (T, = 25°C) | 


SYMBOL CHARACTERISTICS 


tog a (Q) Turn-Off Delay 
Turn-On Delay 
tod ie (TC) Turn-Off Delay for TC 


UNITS CONDITIONS & COMMENTS | 


a 
oe 
tps 0) [Tun OnDoly rte SCSC~“<~sRSC“‘S;SNCSC;*;*dCSO®SC~CW 
CE [Sete Time forts 
85 es 
ee 


CC = 5.0 V 
_ = 15 pF (Fig. 2) 


aQo'[—< 


SET-UP TIME: t, is defined as the minimum time required for the logic level to be present at the logic input prior to the clock transition from low 
to high in order for the flip-flop(s) to respond. | | 


RELEASE TIME: t, is defined as the maximum time allowed for the logic level to be present at the logic input prior to the clock transition from low 
to high in order for the flip-flop(s) not to respond. | : : | 
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APPLICATIONS 


PARALLEL INPUT ENABLE 


COUNT DIRECTION aa ee 


e@ 
c ; O 
cP ce Po Py Pa 3 : Po Py Po Pg DRE hg Pi, eens COPE Pg Py Pp Py 
9306 Te P P 9306 TC i 9306 TC 
= ce UP/DOWN DECADE COUNTER ce UP/DOWN DECADE COUNTER ce UP/DOWN DECADE COUNTER 
M % ® 4 MH 4 ® M  % ® 


COUNT ENABLE | TTT TO MORE 
| | - SIGNIFICANT 


DECADES 


Fig. 4 
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9307 


MSI SEVEN SEGMENT DECODER 


A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION — The 9307 is a Seven Segment Decoder designed to accept 
four inputs in 8421 BCD code and provide the appropriate outputs to drive a seven segment 
numerical display. The decoder can be used with seven segment incandescent lamp, neon, 
electro-luminescent, or CRT numeric displays. The 9307 is compatible with all other Fairchild 
CCSL devices. | 


CCSL COMPATIBLE 

AUTOMATIC RIPPLE BLANKING FOR SUPPRESSION OF LEADING EDGE ZEROES 
LAMP INTENSITY MODULATION CAPABILITY 

LAMP TEST FACILITY 

BLANKING INPUT 

ACTIVE HIGH OUTPUTS 

ALL CERAMIC “HERMETIC” 16 PIN DUAL 

IN-LINE* PACKAGE 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature = —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vec Pin Potential to Ground Pin | —0.5Vto+7V 
Voltage Applied to Outputs for high output state —0.5 V to +V.. value 
Input Voltage (D.C.) 7 —0.5V to +5.5V 


ORDER INFORMATION 


Specify U6B9307XXX for 16 pin Dual In-Line package where XXX is 51X for the —55°C to +125°C temper- 
ature range, or 59X for the 0°C to +75°C temperature range. 


“Fairchild patent pending. 


PHYSICAL DIMENSIONS 


009 ~| 


.200 ; 
- Leman 


1. Leads are intended for insertion in hole rows on 
.300” centers. They are purposely shipped with 
“positive” (.375) misalignment to facilitate insertion. 

2. Board-drilling dimensions should equal your 

practice for a conventional .020 linch diameter lead. 


Fig. 1 


LOGIC SYMBOL 
7126 3 5 


Ay A, Az Az LTRBI 
9307 7S DECODER 


RBO a b 


| 4 13 12 1110 9 1514 
Voc=PIN 16 
GND=PIN 8 


ae ‘Fig. 2 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 


The 9307 seven segment decoder accepts a 4 Bit BCD 8421 code input and produces the appropriate outputs for selection of segments in a seven 
segment matrix display used for representing the decimal numbers 0-9. The seven outputs (a, b, c, d, e, f, g) of the decoder select the correspond- 
ing segments in the matrix shown in Figure 3. The numeric designations chosen to represent the decimal numbers are shown in Figure 5, together 
with the resulting displays for input code configurations in excess of binary nine. 


The decoder has active high outputs so that a buffer transistor may be used directly to provide the high currents required for incandescent displays. 
If additional base drive current is required external resistors may be added from the supply voltage to the seven segment outputs of the decoders. 
The value of this resistor is constrained by the 10 mA current sinking capability of the output transistors of the circuit. 


The device has provision for automatic blanking of the leading and/or trailing edge zeroes in a multidigit decimal number, resulting in an easily read- 
able decimal display, conforming to normal writing practice. In an eight digit mixed integer fraction decimal representation, using the automatic 
blanking capability, (0060.0300) would be displayed as (60.03). Leading edge zero suppression is obtained by connecting the Ripple Bianking Output 
(RBO) of a decoder to the Ripple Blanking Input (RBI) of the next lower stage device. The most significant decoder stage should have the RBI input 
grounded; and, since suppression of the least significant integer zero in a number is not usually desired, the RBI input of this decoder stage should be 
left open. A similar procedure for the fractional part of a display will provide automatic suppression of trailing edge zeroes. | 


The decoder has an active low input Lamp Test which overrides all other input combinations and enables a check to be made on possible display mal- 
functions. The RBO terminal of the decoder can be OR - tied with a modulating signal via an isolating buffer to achieve pulse duration intensity 
modulation. A suitable signal can be generated for this purpose by forming a variable frequency multivibrator with a cross coupled pair of DIuL gates. 


Fig. 3 Fig. 4 
SEGMENT DESIGNATION TRUTH TABLE © 


RB : RB 
LT IN Ay Ay Ap Agfa b ¢ d e f' g .. OUT 


a 3 
oe © 
oe 
cro 
a 


re 
So 


ro 


oe 


m7 xX 


m x 


a | 
L Lt ti H HHHHL HO 
HLtELtILHHLLLL 4H 
f b LHL LIH HLHHLH #H2 
H HL LIH H HHLULH  H 3 
g L LH LIL HHLLHH 4H 4 
H LH LIH LHHLHH oH 5 
L HH LIH L HHH HH 4H 6. 
e Cc HHH LIH HHLLLL. H7 
L tL t H|H H HHH HH 4H 8 
H L L H/H H HH LHH oH 9 
LHL HIL LL HH LH 4H 
d H HL HIL LL HL LH  H 
L LH HIt HHLLHH oH 
H Lt H H|H L HH LHH 4H 
L HH H/L LL HHH4H  H 
HHH HIL LLL LEL H 


H = HIGH VOLTAGE LEVEL 
L= LOW VOLTAGE LEVEL 
X = EITHER HIGH OR LOW VOLTAGE LEVEL 


Fig. 5 
NUMERICAL DESIGNATIONS 


ar, 1 2 3 4 5 6 7 8 9 
Table 1—Loading Rules (1 U.L. = 1 DTuL Gate Input Load) 


| Loading (51X & 59X) 
Inputs : 
High State | Low State 
Po, Ai, Ao, As 
a a ae ee a ee 


Outputs 


pabedefe | 8 | 
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FAIRCHILD MEDIUM SCALE INTEGRATION + 9307 


TABLE li— 
ELECTRICAL CHARACTERISTICS (T, aise to +125°C, ses = 9. OV | +10%) (Part #U68930751%) 


LIMITS 
SYMBOL CHARACTERISTICS 55°C +25°C +125°C UNITS CONDITIONS 
| MIN. MAX. | MIN. oe MAX. | MIN. MAX. | 


Output High Voltage Volts | Voc =4.5V Io, =0.0mA (Pins 9-15) 
Veo =4.5V Io = —70 HA (Pin 4) 


Inputs at threshold voltages (V,, or Vi.4) 


Veco = 5.5V Io, = 12.5 mA (Pins 9-15) 
Io, = 3.1 mA (Pin 4) 
Veo =45V lo, =10mA (Pins 9-15) 
| lo, = 2.4 mA (Pin 4) 
Inputs at threshold voltages (V,, or V,,,) 


Output Low Voltage | 


Guaranteed input high 
threshold for ail inputs 


Guaranteed input low 
threshold for all inputs 


V; =Q04V 
Vp = 9.5 Von 
other inputs 


Ground on other inputs 


Inputs at threshold voltages (V,, or V,,,) 


input Load Current 
|. (Pins 1, 2, 6, 7) Input Load Current 
1. (Pin 5) Input Load Current 


I, (Pin 3) Input Leakage Current 
Ip (Pins 1, 2,5, 6,7) | Input Leakage Current 


I (Pin 3) 


loc (Pins 9-15) Short Circuit Current 


Switching Speed 


Vee = 5.0 V, See Figure 6 
Switching Speed 


(Pins 9-15) Available Output Current fll a —1.0 


oO” — 
o > 
+ 


TABLE Iti — 
ELECTRICAL CHARACTERISTICS (T, = 0°C to +75°C, Veo= = 5.0 Vv 9%) (Part ##U6B930759X) 


LIMITS 


€ 


Vou | Output High Voltage 
2. 7 


Output Low Voltage 


Veo = 5.25V Io, = 11.5 mA (Pins 9-15) 
lo, = 2.75 mA (Pin 4) 


Veco =4.75V Io, =10mA (Pins 9-15) 


SYMBOL CHARACTERISTICS o°c +25°C +75°C UNITS CONDITIONS 
: MIN: MAX. MIN. TYP. MAX. | MIN. MAX. 
4.3 Volts | Veg = 4.75 V Io, = 0.0 mA (Pins 9-15) 
2.] 
0.45 
lo, = 2.4 mA (Pin 4) 
Inputs at threshold voltages (V,, or V),,) 


Veco =4.75V lo = —70 HA (Pin 4) 
| Volts Guaranteed input high | 
‘threshold for all inputs 7 


Inputs at threshold voltages (V,, or V,,,) 
0.85 0.85 Volts Guaranteed input low 


threshold for all inputs 


Vie Input Low Voltage 


I. (Pin 3) Input Load Current 


Vig Input High Voltage | aa 0 


Veco = 5.25 V V. = 0.45V 
Vp, = 9.25 on other inputs 


I; (Pins 1, 2, 6, 7) Input Load Current 
I; (Pin 5) Input Load Current 


I, (Pin 3) Input Leakage Current | 5 | 869650 
i (Pins 1, 2, 5, 6, 7) Input Leakage Current | 5.0 10 


Ground on n other inputs 


, (Pins 9-15) Available ha Current 


loc (Pins 9-15) Short Circuit Current fe ee 


Inputs at threshold voltages (V,, or V,.,) 


= 


Veo = 5.0 V, See Figure 6 


me] 
; jon 
Hi 


loyr > OUTPUT CURRENT ~ mA 


loyy ~ OUTPUT CURRENT - mA 


_ FAIRCHILD MEDIUM SCALE INTEGRATION + 9307 


TYPICAL INPUT AND OUTPUT CHARACTERISTICS 
INPUTS INPUT CURRENT VERSUS INPUT VOLTAGE 
Equivalent Circuit Ay» A,» A,» A, INPUTS LT INPUT 


RBuny INPUT 


-0.2 
<x <= <x 
Ee & = 
t 1 1 
he — = 
re a a0 
rr m4 i a” 
= s s 
ra) rat) | o 
— 

= 5 > 
a a a 
= = . 2. 
: 7 iz 7 

Zk ~ 


Vin 7 INPUT VOLTAGE - VOLTS Vin ~ INPUT VOLTAGE - VOLTS Viny 7 INPUT VOLTAGE - VOLTS 


. OUTPUT CURRENT VERSUS OUTPUT VOLTAGE 3 
U6B930751X (—55°C to +125°C) U6B930759X (0°C to +75°C) 


OUTPUT IN HIGH STATE OUTPUT IN HIGH STATE 
a, b, ¢, d,@, fg a, b, ¢, d, e, f, g | 
OUTPUTS RBiour,) OUTPUT OUTPUTS RByour) OUTPUT 


Vec be 9.0V 
T, = 25°C 


| oyr ~ OUTPUT CURRENT - mA 


Vout - OUTPUT VOLTAGE - VOLTS Vout > OUTPUT VOLTAGE - VOLTS 


| Voyr ~ OUTPUT VOLTAGE - VOLTS | _ Voyy ~ OUTPUT: VOLTAGE - VOLTS 
OUTPUT IN LOW STATE . OUTPUT IN LOW STATE 
a, b, c, d, e, f, g a, b, ¢, d, e, f, g ; 
2 OUTPUTS RBiour, OUTPUT OUTPUTS . RBiour, OUTPUT 
16 - 


INPUTS AT THRESHOLD VOLTAGES (Vj, or Vj 4) 
Fle | les eee oes 
a Ty . 25°C 
Sees 4a 


es INPUTS AT THRESHOLD 
VOLTAGES (Vj) or Vy.) 


€ i Sd Vec 7 5-0V, Ta = 25°C mena < = 
al See Glee ee ALIN | 
30 , ra \/ w rod 
TET TATTLE TT EEL LIV TLE 2 
ate ees 7 5 : : 
20 5 5 5 
= : 4 5 2 i 
PTA TT 7 eee | & — 
Jnana ae 3B ao ] Pn ean SS NS 3 S 
re ae oe “55°C > / me 7 | 
; ; ‘Ee Asean 
0 0.2 0.4 0.6 0.8 1.0 1.2 0 0.2 0.4 0.6 0.8 1.0 1.2 0 0.2 0.4 0.6 0.8 1.0 1.2 |) 0.2 0.4 0.6 0.8 1.0 
Vour - OUTPUT VOLTAGE - VOLTS Vout - OUTPUT VOLTAGE - VOLTS Vout - OUTPUT VOLTAGE - VOLTS Your - OUTPUT VOLTAGE - VOLTS 
OUTPUTS 


Equivalent Circuit 


Voc 
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APPLICATIONS 


| ____ FAIRCHILD MEDIUM SCALE INTEGRATION - 9307, __ _ 


Fig. 6—SWITCHING CIRCUIT AND WAVEFORMS 


DTylL9946 


Pulse generator characteristics: a 
Amptitude = 3.0 V 

Freq. = 500 kHz 

Pulse width = 1000 ns 

t. =t, < 15 ns 

*Includes probe and jig capacitance 


X1 XQ Xq Xg 
$ 3 i] t 


' 14 


Ag A, A2 Ag LT RBI 


9307 7S DECODER — 


RBOa bcd ie f g 


| {TO REMAINING SEGMENTS 
VIA BUFFER CIRCUITS 


wai E.L. Display 
Segment 


TO CATHODE 
OF OTHER SCRS 


Fig. 7 
9307 Seven Segment Decoder driving Electro-Luminescent Display. 


Xy Xp XqXg 
' t © 4 


Ag Ay Az Ag LT RBI 
9307 7S DECODER 


RBOa bocdei fg 


To remaining segments 
via driving circuitry 


teed a 


= Display 
The current sinking Segment 
capability of the 9307 
makes it possible to 
add a resistor externally 
to increase the drive to 
the buffer transistor if needed. 


Fig. 8 
9307 Seven Segment Decoder driving Incandescent lamp Display. 


8421 BCD CODE DECADES 


Ay Aa Ag Ag B, By By Bs 


INTENSITY 
MODULATION 


LAMP 


TEST 


Y%9936 Y | ¥%9936 © 


Ag Ay Ap Ag LT RBI 


Fay 


Ag Ay Ag Ag LT RBI 


9307 7S DECODER 9307 7S DECODER ~ 


es RBOa bcdef &@ 


tao? Aes ' r bt b © 4 8 
tf @ t ao) y'obp t 8 top 


LEAST SIGNIFICANT DECADE 


TO SEVEN SEGMENT DISPLAY LAMPS VIA DRIVING CIRCUITRY 


lil ¥,9936 © 
HH (1 


Ao Ay Ao A3 LT RBI 


D, 0204 Dg 


HY 1 i. 
C) 


Ag Ay Ap Ag LT RBI 


9307 7S DECODER 9307 7S DECODER 


RBOa bic d RBOa bcecd.ef & 


$ 6 6 ‘ ' bo i] t 8 te @ § 4 
# @ t 8 on ‘ a | i) 1 $ 8 


MOST SIGNIFICANT DECADE 


Fig. 9-—FOUR DECADE SEVEN SEGMENT INTEGER DISPLAY SCHEME 


This scheme incorporates automatic blanking of leading edge zeroes and intensity modulation using an 
external variable duty cycle signal. 
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9308 


MSI DUAL FOUR-BIT LATCH 


A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION — The MSI 9308 is a Dual 4-Bit Latch designed for general purpose storage applica- 
tions in high speed digital systems. The 9308 uses TTvL technology and is CCSL compatible. All- inputs 
incorporate diode clamps to ground to reduce negative line transients. All outputs have active pull-up circuitry 
to provide high capacitive drive and low impedance outputs in both logic states to provide good A.C. noise 
immunity. 


FEATURES 


e ACTIVE LEVEL LOW ENABLE GATE INPUTS 

e OVERRIDING MASTER RESET 

e 25 ns THROUGH DELAY 

e THE INPUT/OUTPUT CHARACTERISTICS PROVIDE DIRECT INTERFACING WITH FAIRCHILD 
DTuL, LPDTuL, TTL, AND MSI FAMILIES (CCSL). 

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vec Pin Potential to Ground Pin —0.5Vto +7V 
Input Voltage (D.C.) (See Note 1) —0.5 Vto +5.5V 
Input Current (D.C.) (See Note 1) —30 mA to +5 mA 
Voltage Applied to Outputs (Output High) —0.5 V to +V.- value 


Output Current (D.C.) (Output Low) +30 mA 
NOTE 1: Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


DESCRIPTION OF LATCH OPERATION — Data can be entered into the latch when both of the enable inputs 
-are low. As long as this logic condition exists, the output of the latch will follow the input. If either of the 
enable inputs goes high, the data present in the latch at that time is held in the latch and is no longer 
af:ected by the data input. 


The master reset overrides all other input conditions and forces the outputs of all the latches low when a 
low signal is applied to the master reset input 


ORDER INFORMATION — Specify U6N9308XXX for 24-pin Dual In-Line package where XXX is 51X for the 


—55°C to +125°C temperature range, or 59X for the 0°C to +75°C temperature range. 


Electrical Characteristics on Page 2. 


313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 
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- PHYSICAL DIMENSIONS ~ 


LOGIC DIAGRAM 


23 4 6 8 10 1415 1618 20 22 


E Do D; Dy D3 Te. Do 0; Dy D3 
9308 4 BIT LATCH 1 9308 4 BIT LATCH 2 
MR Q% Q; Q) Q37 JMR Op Q, Q) Q 


1 5 7 911 13 17 19 21 23 


Veco = Pin 24 
Gnd = Pin 12 


rT LD 


SE MICoNomercm 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 


TABLE | — 
ELECTRICAL CHARACTERISTICS (T, = —55°C to +125°C, Yee = 5.0 V +10%, See Note 1) (Part ##U6N930851X) 


LIMITS 


CHARACTERISTICS —55°C +25°C +125°C UNITS CONDITIONS 
alte MAX. | MIN. ve MAX. | MIN. MAX. 


Output High Voltage Veco = 4.5V, lo = —0.6 mA 
Inputs at threshold voltages (V,, or V,..) 
(See Note 2) 


Output Low Voltage . Veo =5.5V, lp =44mA 
Veo = 4.5V, Io, = 11.2 mA | 
Inputs at threshold voltages (V,, or V,.,) 
(See ae 2) 


Input High Voltage 
Input Low Voltage 


Input Load Current 
E,, E, and MR Inputs 
Input Load Current . 
D Inputs 
Input Leakage Current 
E,, E, and MR Inputs 
Input Leakage Current 
D Inputs 
Veco =5.0V all outputs low 
inputs disabled 


TABLE I] — : 
ELECTRICAL CHARACTERISTICS (T, = 0°C to +75°C, Voc = 5.0 V 45%, See Note 1) (Part #{U6N930859X) 


LIMITS 
SYMBOL CHARACTERISTICS 0°C +25°C +75°C UNITS CONDITIONS 
MIN. MAX. |} MIN. TYP. MAX. | MIN. MAX. , 
fol Output High Voltage ff Veo = 4.75 V, lous = —0.6 mA 
Inputs at threshold voltages (V,, or V,,,) 
(See Note 2) 
Output Low Voltage 0.45 Volts Veco = 5.25V, loys = 14.4 mA 

Veco = 4.75 V, loyy = 12.7 mA 
Inputs at threshold voltages (V,, or V,,,) 
(See mote 2) 


threshold for all inputs 
| | | ee —— 
threshold for all inputs 


Input Low Voltage — 


Input Load Current 

E>, E, and MR Inputs 
Input Load Current 

D Inputs 


Input Leakage Current Veco = 5.25 V, Vp = 4.5V 
E,, E, and MR Inputs 


Voc = 5.25 V VaR OMY 


V_ = 0.0 V (See Note 3) 


Input Leakage Current 
D Inputs 


Veco = 5.0V all outputs low 
inputs disabled 


NOTE 1: Units are pulse tested. 

NOTE 2: Output Voltages are guaranteed for either the input enabled or input disabled case. 

NOTE 3: This current is measured at V,,, = 0.0 V to insure that no current is being absorbed by the device internally. The maximum value given guarantees that the maximum 
instantaneous current that can flow out of the input at V,,, = 0.4 V is 2.4 mA. . 
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A.C. CHARACTERISTICS 


LIMIT = Note LIMIT (See Note4) 
DEF INITION 


Min. fine that data 
must be present before 
enable to not increase t, 


Delay from enable to 
~ output turning off 


9308 SWITCHING WAVEFORMS 


STORING A ONE TIME 


E)=GND 


Min. enable pulse 
width to store a ONE 


Min. time that data 
must remain constant 
after removal of enable 


Min. time that data 
must be present before 
the enable to not increase t, 


E,=GND 


Delay from enable X 
to output turning on 


Min. enable pulse 
width to store a ZERO 


Min. time that data 
must remain constant 
after removal of enable 


NOTE 4: Limits indicated by X will be shown 
on final data sheets. 


All delays are measured with Vo, = 5.0V applied t to Pin 24 and Pin 12 grounded. The active input is driven by a 3002 TTuL gate with the output loaded 
with 15 pF. All outputs are loaded with 15 pF. 


LOADING RULES 


ee ee 


INPUTS Dg» D,, Dy» Ds 
| MRE, E, 


-QUTPUTS Qo 0), Q,, Q; 


APPLICATIONS 


STROBE 
9005 


9308 4 BIT LATCH 1 
MR Q% O Q) Q, 


AND-OR ENABLE SHOWING ACTIVE LEVEL 
LOW ENABLE GATE UTILITY 


3405 


SINGLE MASTER/MULTIPLE SLAVE FLIP-FLOP 


CLOCK 


49016 


SLAVE REGISTER 
ADDRESS INPUT BUSSES 


'E Dg Dy Dy Dy 
9308 4 BIT LATCH 1 
ul Q 0; Q Q3 


Dy Dy Do D3 
9308 4 BIT LATCH 2 REGISTER 7 
| PE tg EMR % % 0 0 
C) 


Ad 

E Dp 0; 7) D3 

9308 4 BITLATCH1 § REGISTER 1 
MR Q Q, Q. Qs 

O 


9308 AS A HOLDING REGISTER IN COUNTING AND DISPLAY APPLICATIONS 


e 
Cep PE Po Py Cep PE Po Py Po P3 
CET 9310 UP DECADE ne TC Cey 9310 UP DECADE COUNTER TC 
CLOCK le: MR Q) Q Q 3 sralfi 2 MR M  Q Q 
me a oo 
HOLD _ e—P 


E Dg Dy D2 03 
9308 4 BIT LATCH 1 


= , 
LAMP TEST | 


E Dp 0 Dy Dg 
9308 4 BIT LATCH 2 
MR —— Q, Q, 05 


"Ag Ay Ag Ag LT RBI 
9307 7 SEGMENT DECODER 
_RBO a bcd ef g 


Ay Ay Ao Ag LT RBI 
9307 7 SEGMENT DECODER 
RBOa beodef g 
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9309 


MSI DUAL FOUR: INPUT MULTIPLEXER 


A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION — The 9309 is a monolithic, high speed, dual four-input digital multiplexer circuit, 
constructed with the Fairchild Planar* epitaxial process. It consists of two multiplexing circuits with common 
input select logic, each circuit contains four inputs and fully buffered complementary outputs. In addition to 
operating as a multiplexer, the 9309 can generate any two function of three variables. Active pullups in the 


outputs ensure high drive and high speed performance. Because of its high speed performance and on-chip | 


select decoding, the 9309 may be cascaded to multiple levels so that any number of lines can be multiplexed 
onto a single output buss. The circuit uses TTuL for high speed, high fanout operation and is compatible 
with all other members of the CCSL family of digital integrated circuits. 


FEATURES | 


e MULTIFUNCTION CAPABILITY 

e 25 ns THROUGH DELAY — 

e ON-CHIP SELECT LOGIC DECODING 

e FULLY BUFFERED COMPLEMENTARY OUTPUTS 

e THE INPUT/OUTPUT CHARACTERISTICS PROVIDE EASY INTERFACING WITH FAIRCHILD ie LPDTuL, 
TTuL, AND MSI FAMILIES (CCSL). | 

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) | 
Storage Temperature  ~— —65°C to -+-150°C 


Temperature (Ambient) Under Bias | —55°C to +125°C 
Voc Pin Potential to Ground. Pin —0.5 Vto +7V 
Voltage Applied to Output when output is high OVto +Vo¢ value © 
Input Voltage (DC) (See Note 1) —  —0.5Vto +5.5V 
Input Current (DC) (See Note 1) | | | ~  —30 mA to -++5 mA 
Current into Output when output is low : +30 mA 


Note 1—either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


ORDER INFORMATION — Specify U6B9309XXX for 16-pin Dual In-Line package or U3L9309XXX for 16-pin 
Flatpak, where XXX is 51X for the —55°C to +125°C temperature range, or 59X for the 0°C to +75°C 
temperature range. | 


LOGIC DIAGRAM 


® 


"ct 9309. | 
Dual four input multiplexer 
Logic diagram 


313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 
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DUAL IN-LINE PACKAGE 


| 
sed |..o1s MIN. 
NOTES: . 
1. Leads are intended for insertion in hole rows on 


.300" centers. They are purposely shipped with 
“‘positive’’ (.375) misalignment to facilitate insertion. 


Fig. 1 


_ FLAT PACKAGE. 


TOP VIEW 


LOGIC SYMBOL 
12 1 10 9 


spla ha '2a 4321 fob th 'ab 3p 
| 9309 DUAL 4 INPUT MULTIPLEXER 
S172, le, th dp 


2 1 


Voc = PIN 16 
GND = PIN 8 


Fig. 3 


*Planar is a patented Fairchild process. 


EAIRCHILD 
SEES en eee ee 
SEMICONDUCTOR 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 


| FUNCTIONAL DESCRIPTION | 
The 9309 dual four input multiplexer is a member of the Fairchild family of compatible Medium Scale Integrated (MSI) digital building blocks. It 
provides this family with the ability to select two bits of either data or control from up to four sources, in one package. | 
The 9309 dual four input multiplexer is the logical implementation of a two-pole four-position switch, with the position of the switch being set by the 
logic levels supplied to the two select inputs. Both assertion and negaticn outputs are provided for both multiplexers. The logic equations for the 
outputs are shown below: | 
Z,= |p, ° S$, * So + ly, ° 8; * Sp # log * S) * So + I, * 8, * S 
Z, =I, ° S, “SS + 1,°S, °S + lL, * 8, ° So + ly 2° S,; ° S 
A common use of the 9309 would be the moving of data from a group of registers to a common dutpat buss. The particular register from which the 
data came would be determined by the state of the select inputs. 


TRUTH TABLE 


SELECT INPUTS INPUTS OUTPUTS 
a 


LOADING RULES 
(1 U.L. = 1 TTL gate input load) 


INPUTS LOADING 


log le loat lar 
lobe ibe tobe lap» 
So 5; 


mrrerrertaorer 
sal ee ie htm le ca oe cael oo 
<>< <>< x <P 
<M XM MK Lr << X< 
SoS OK OK OX 
rm XS XS OK OK OX OX 
aC Sear as 
See ae = 


o 


FANOUT AT LOGIC LEVEL 
OUTPUTS HIGH LOW 


~—20UL © 10 
18UL. 9 ULL. 


i a a I A acl 
Sm rrereeer 
<>< >< >< x KE 
<>< >< >< Er x< x 
>< >< mmx <x &< 
=r <*> &« XX 
mrmmrtritires 


|e I ed ie = oe “i 


L = low voltage level 
H = high voltage level 
X = either high or low logic level 


TYPICAL INPUT AND OUTPUT CHARACTERISTICS 


Yec | 
EQUIVALENT CIRCUIT | 
| , —_— 


; OUTPUT CURRENT VERSUS OUTPUT CURRENT VERSUS 
INPUT CURRENT VERSUS OUTPUT VOLTAGE OUTPUT VOLTAGE 
INPUT VOLTAGE (OUTPUT HIGH) (OUTPUT LOW) 
2.0 <a 
es OPEN 
< a re 
"2.0 ai b 
a S 
= 3 
+640 iS of 
2° |_| 5 
a 4 
sl ~-p itt 
-2.0 0 4.0 8.0 
Vin 7 INPUT VOLTAGE - VOLTS Vout ~ OUTPUT VOLTAGE VOLTS 
Fig. 5 Fig. 6 . Fig. 7 


CHARACTERISTICS 


LIMITS 
SYMBOL —55°C +25°C +125°C UNITS CONDITIONS 
MIN. MAX. MIN. TYP. MAX. | MIN. MAX. | 


Vor Output High Voltage 24 2.7 Volts | Veo =4.5V Io, = —1.2 mA (Pins 1 & 15) 
Voc = 4.5V lo, = —1.08 mA (Pins 2 & 14) 
| Inputs at threshold voltages (V,, or V,,.) 
as per truth table | 
Vor Output Low Voltage ; Veco = 5.5V Io, = 16.0 mA (Pins 1 & 15) 
lo, = 14.4 mA (Pins 2 & 14) 
, Veo = 4.5V Io, = 12.4 mA (Pins 1 & 15) 
Io, = 11.2 mA (Pins 2 & 14) 
Inputs at threshold voltages (V,, or V),,) 
a as pertruthtable 
Input High Voltage | 20 |i lf TA Volts | Guaranteed input high threshold for all inputs 
Input Low Voltage FOB [OD 08 | Volts | Guaranteed input low threshold for all inputs 
|_ (allinputs) | Input Load Current —11 —1.6 Veo =55V Ve=O0AV 
Input selected 
Ip (all inputs) Input Leakage Current BA Veco = 5.5V Vp =4.5V 
| | | Input not selected 
row | Vecturent | S| 80M] «A mA | Vec=50V__ Alinputshigh 


*Pulse tested 


ELECTRICAL CHARACTERISTICS® (T, = 0°C to +75°C, Voc = 5.0 V +5%) (Part No. UXX930959X) 


LIMITS 
SYMBOL : 
Vor 8 
Input High Voltage 1.9 


i 

Input Low Voltage 
I, (al } 
I 
Pp — 


CHARACTERISTICS 0°c  -+75°C | UNITS CONDITIONS 
MIN. MAX. MIN. MAX. 
2 


Voc = 4.75 V lop, = —1.2 mA (Pins 1 & 15) 

Voc = 4.75 V lop, = —1.08 mA (Pins 2 & 14) 

Inputs at threshold voltages (V,, or V,,,) 

as per truth table | 

Veco = 5.25 V Io, = 16.0 mA (Pins 1 & 15) 
lo, = 14.4 mA (Pins 2 & 14) 

Veo = 4.75 V Io, = 14.1 mA (Pins 1 & 15) 
lo, = 12.7 mA (Pins 2 & 14) 

Inputs at threshold voltages (V,, or V,,.) 

as per truth table 


vals 
Guaranteed input low: threshold for all inputs 
Voce =5.25V Ve=045V 0 

Input selected | 


Veco = 5.25 V 
Input not selected . 


Voc = 5.0V All inputs high | 


Voc = 5.0V, C, = 15 pF, See Figure 5 


Output High Voltage 


| Output Low Voltage 


pony 
for) 


Vp =4.5V 


(all inputs) Input Leakage Current ar ead 


t.a4. (Sp to Z,)°| Switching Speed a 
t,g_ (S,toZ,) | Switching Speed a 


*Pulse tested 


(all inputs) Input Load Current 
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SWITCHING WAVEFORMS 


bs 


All input waveforms are output of TTuL 9000 series gates loaded with 15 pF. All outputs are loaded with the same capacitance (referred to as C,) 


and only with capacitance. 


toa; Sp to Z, 
— CONDITIONS 
Pins 3, 12 = GND. 

Pinll = Vo. 
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Vin So 
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Fig. 9 
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Fig. 12 


Fig. 8 — WAVEFORMS 


toa; So to Z, 
CONDITIONS 
Pins 3, 12 = GND. 
Pinll=Voe> 


1.5V 1.5V" 
Vin'So 
(PIN 13) tpd-|<— tod: = 


Vout 2 
{PIN 14} 1.5V 1.5V 


SWITCHING CHARACTERISTICS 


TURN ON DELAY TIME VERSUS 
TEMPERATURE 
(So to Z:) 


T, ~ AMBIENT TEMPERATURE - °C 


Fig. 10 


TURN OFF DELAY TIME VERSUS 
AMBIENT TEMPERATURE 
(Sp to Z.) 


veer TT 111). 
i a te 
Ge a i 


32 


Ty = AMBIENT TEMPERATURE - 26 


Fig. 13 


3-108 


tat (Tyg to Z,) - TURN OFF DELAY TIME - ns 


wi 
e 


CONDITIONS | 
~ Pins 3, 13 = GND. 


Vin! 1.5V 1.5V 
(PIN 12) tpd- tod + |<— 
Your? 

(PIN 14)" 1.5V 1.5¥ 


TURN OFF DELAY TIME VERSUS 
AMBIENT TEMPERATURE 
(loa to Z.) 
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& 
8 


~ Ty > AMBIENT TEMPERATURE - °C 


Fig. ll 


TURN ON DELAY TIME VERSUS 
AMBIENT TEMPERATURE 
(So toZ,) . 
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Fig. 14 
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FAIRCHILD MEDIUM SCALE INTEGRATION 9309 


APPLICATIONS | 


Syloa Na '2a Iga! lon ‘te '2n 9p syl0a ta '2a I3a! lon yy '2n 3p Solita ta '2a "3a! loo Nyy fan 3 loa tye faa "ga! 'op tty fan bp 


So ; 
9309 DUAL 4 wut pias 9309 DUAL 4 wor rue 9309 DUAL 4 mur pug 9309 DUAL 4 PUT MULTIPLEXER 
ty ot ly eT $12, yt ty ty 
4 @ ) 


, a 


sy'n ‘ta ta tat oy ty fab a 
$308 DUAL 4 PUT MULTIPLEXER 


z %™ 1 4 ty 
e O 
BIT a BIT b 
OUT OUT 


Fig. 12 — MULTIPLEXING TWO BITS FROM SIXTEEN SOURCES 


This diagram shows the interconnection of five 9309 dual four bit multiplexers to provide switching of two bits of data 
from one of sixteen words onto a two bit data buss. The selection of which word will be transferred to the buss is made 
by the address supplied to the S,, S,, S, and S, inputs. As an example: if twelve bit words are to be transferred to a 
twelve bit buss, the above diagram would be repeated six times. Notice that the negative outputs are used at both levels 
resulting in the assertion output (negatiow of the negation) at a higher speed due to the fact that the through delay is 
less on the negation output. 


If the word selecting address is held in four TTul flip flops (two dual packages) enough load capability is available to 
select between sixteen, sixteen bit words. 


ADDENO INPUT ADDEND INPUT 


CARRY IN 


— sil 


Sita Na laa ‘oat loo yy lan by 
i ines 
S| 


| o 
ma 1 i 
9022 
FFL 
ry, a] OH 
MASTER RESET 


CLOCK 


CARRY TO MORE SIGNIFICANT STAGE 


SHIFT LEFT IN 


9309 DUAL 4 we Per 


OPERATION CONTROL LINES 


SHIFT RIGHT OUT 


ACCUMULATOR OUTPUT ACCUMULATOR OUTSUT 


Fig. 13 — GENERAL PURPOSE ACCUMULATOR 
A fast, general purpose accumulator for computer applications is capable of: 1) shift left; 2) add; 3) shift right and 4) complement operations. Only 
three packages are required to construct two stages of the general purpose accumulator (Figure 1). 
The D input capability of the 9022 is utilized here to allow each flip flop of the accumulator to accept the data as mieceniad by the 9309 multiplexer. 


Under the operation code instructions the multiplexer provides an input to the 9022 from: 1) adjacent stage to the right for a shift left operation; 
2) adjacent stage to the left for a shift right operation; 3) output of adders for add operation and 4) Q outputs of 9022 for the complement opera- 
tion. The operation code at the right of Figure 1 shows the instruction codes to perform the various operations. 


The accumulator should be capable of 20 to 25 MHz operation. 
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FAIRCHILD MEDIUM SCALE INTEGRATION 9309 _ 


Yec 


len ‘te ‘20 Ie! ten ‘te fan ty 
9900 UAL 4 BUPUT MULTIPLEXER 
ty 


Sz z z 5 z % qt 
hae | 
SWITCH 
SERIALIZER/PATTERN GENERATOR 


sols No ‘an "305 ‘oo fp tan gn 


' 
9308 DUAL 4 BUPUT MULTIPLEXER 
‘ 


',9002 ‘9002 


OuTPUT 


RESYNCHRONIZER 


Fig. 14 — 16-BIT PATTERN GENERATOR 


This application illustrates the use of 9309 and 9020 in the design of one channel of a 16 bit pattern generator. Each channel requires 4% 9020, 
1/, 9002 and 21/, 9309. Each channel consists of a switch serializer/pattern generator and resynchronizer sections with a modulo 16 binary counter 
common to all channels. 


The two. least significant bits and two most significant bits of the counter control the first and second stages of multiplexing respectively. In this 
manner four bits are multiplexed on each of the four lines from the first stage to the second stage. Every four clock times a new input line containing 
four multiplexed bits is selected by the second stage of the serializer thus serializing the 16 input bits from the switches. 


The. resynchronizer flip flop is used to eliminate decoding spikes. 


e ) 
PE Po Py Po Py PE Po P, Po P3 
9316 UP BINARY COUNTER TC 9316 UP BINARY COUNTER TC 
pm Oy Gy p mR Oy 0) 0) 3 . 
@ e 
ep 1 
=e as | 
Ty | 
Ss 0 
ae © | =D 
Seceneacenant [2 | — ) 
“s a 9002 4 
MULTIVIBRATORS 
fy tg 
9601 
RETRIGGERABLE ONE-SHOTS 
OPERATION CODE LIST Fig. 15 —- NON-LINEAR COUNTER 
So S, INSTRUCTION The rate of the non-linear counter depends on the multivibrator clock frequency 
0 690 SHIFT LEFT selected under contro! of the three most significant bits of the counter. This 
1 0 ADD makes the count rate a function of both the count value of counter and frequency 
0 1 SHIFT RIGHT _of clock multivibrator selected. 
1 1 COMPLEMENT Clock multiplexing is accomplished by a 9309 dual 4-input multiplexer and one 
H=1", L= “0” 9002 quad gate. Eight line segments representing clock rates of the multivibrators 


may be adjusted in slope to approximate a non-linear function. 
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~9312— 


MSI EIGHT: INPUT MULTIPLEXER 


A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION — The 9312 is a monolithic, high speed, eight input digital multiplexer circuit. It 
provides in one package the ability to select one bit of data from up to eight sources. The 9312 can be used 
as a universal function generator to generate any logic function of four variables. Both assertion and nega- 
tion outputs are provided. TTL circuitry with active pullups on the outputs provides high speed, high fanout 
operation and is compatible with all other members of the CCSL family of digital integrated circuits. 


FEATURES 


MULTIFUNCTION CAPABILITY 

25 ns THROUGH DELAY . 

ON-CHIP SELECT LOGIC DECODING 

FULLY BUFFERED COMPLEMENTARY OUTPUTS 

THE INPUT/OUTPUT CHARACTERISTICS PROVIDE EASY INTERFACING WITH FAIRCHILD DTuL, LPDTuL, 
TTL, AND MSI FAMILIES (CCSL). 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C - 


Temperature (Ambient) Under Bias . ~—55°C to +125°C 
Voc Pin Potential to Ground Pin © 7 —0.5Vto+7V 
Voltage applied to output when output is high | 0V to +Vo¢ value 
Input Voltage (DC) (See Note 1) —0.5Vto +5.5V 
Input Current (DC) (See Note 1) —30 mA to +5 mA 
Current into output when output is low | +30 mA 


Note 1: Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


ORDER INFORMATION — Specify U6B9312XXX for 16- pin Dual In-Line package or U3L9312XXX for 16-pin 
Flatpak, where XXX is 51X for the —55°C to +125°C temperature range, or 59X for the 0°C to ae 
rem perarute range. 
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LOGIC SYMBOL 


SpE \9 lo ly Ig Is Ig ly 
Sy 9312 8 INPUT MULTIPLEXER 


Vcc = PIN 16. 
GND = PIN 8 


DUAL IN-LINE PACKAGE 


= 
is 7 015 MIN. 


NOTE : 


Leads are intended for insertion in hole rows on 
.300” centers. They are purposely shipped with 
“positive” (.375) misalignment to facilitate insertion. 


. Fig. 2 


FLAT PACKAGE 


TOP VIEW |___.350 a) 


.200 


-AIRCHILM 


SEMICONDUCTOR 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 


FUNCTIONAL DESCRIPTION — The 9312 is a logical implementation of a. single pole - 8 position switch with the switch position controlled by the state 
«of three select inputs, So, S,, S.. Both assertion and negation outputs are provided. The enable input (E) is active low. When it is not activated the | 
negation output is high and the assertion output is low regardless of all other inputs. The logic function provided at the output is: 


© Ze Ea(lyS 9289S, + beSyr5 5, + lyeSyS pS, + byeSoeS, 9S, + lyeSoeS 2S, + ly *So°S,eS, + ,°S2S,°S, + ly*Sp2S,S,). 


9312 can provide any logic function of four variables and its negation. Thus any number of random topic 


tables can be replaced by one 9312. 


TRUTH TABLE 


” 
Yn 
”N 


Oe ea alt to ca ah ak ce a ee a a ek | a 
oo i ie en mike lg ie mie mal eee Ca ae ee oe pel el 
Se oe ee Re 
maorrertrmrrrtrrrszoirer. 
RK KKK KKK KK KK KK OOK 
xxx xx KKK ®K RK KX EX KX 
xxx KK KKK KK EI KK KO XI 
mK KK OK OK OK OK Om OK OK OK OK OK OK Ox 
KK KK KK DI KKK KKK KK XK 


H = High voltage level 
L = Low voltage level 
X = Level does not affect outpu 


Fig. 5 


t 


xxx x mr KK «KK KK KKK OX 


<< DT KK KKK KK KKK KK OX 


xr KK KK KK KKK KK OK OK OK OX 


NJ 
N 


} — The 9312 provides the ability, in one package, to select from eight sources of data or control information. By proper manipulation of the inputs, the 
elements used to generate unusual truth 


LOADING RULES 


INPUTS _ LOADING 
All Inputs 


OUTPUTS |  FAN-OUT J 
| High State | - Low State 


Z 18 
Z , 20 10 


1 ULL. = 1 Thu Unit Load 


1 U.L. is defined by the entries 
Irn and Ir in the table on page 3. 


ale a il ee el oe ed 0 a el I alle a 
= 0 a “al Gea ee “$e = “Ua 2 


TYPICAL INPUT AND OUTPUT CHARACTERISTICS 


EQUIVALENT INPUT CIRCUIT 


NOT 


SELECTED © SELECTED 


~0.3V 


2 


INPUT CURRENT VERSUS. 
INPUT VOLTAGE 
| | Wl | 


1,4; 7 INPUT CURRENT - mA 
IN, ; : 


Vj jy INPUT VOLTAGE - VOLTS 


Fig. 6 


OUTPUT LOW 
EQUIVALENT CIRCUIT 


OUTPUT HIGH 
EQUIVALENT CIRCUIT 


O Voc 


80 2 
OUT 


O OUT 


OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 
(OUTPUT LOW) 


mie 
te 
igs 


= 
——T | 
ae 


OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 
— (OUTPUT HIGH) 


Voc =5.0V 
Inputs at gnd. 50 


lyr ~ OUTPUT CURRENT-- mA 
Ww 
oOo 


Cree 
BORRRREUEE 


1.0 1.5 
Vout ~ OUTPUT VOLTAGE - VOLTS 


Fig. 8 


Voyy 7 OUTPUT VOLTAGE - VOLTS @ 


‘Fig. 7 
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ELECTRICAL CHARACTERISTICS® (T, = —55°C to +125°C, aa: aR = 5.0 V +10%) (Part No. UXX931251X) 


PMS 
SYMBOL —55°C a oe oe +125°C UNITS 
MIN. MAX. a oe oe TYP. MAX. | MIN. MAX. 
- lo, = 11.2 mA (Pin14) 


ae 
ee Inputs at threshold voltages (V,, or V,..) 


CHARACTERISTICS CONDITIONS 


Veo =4.5V I qy, = —1.2 mA (Pin15) 
Veo =4.5V Ip, = —1.08 mA (Pin 14) 
Inputs at threshold voltages (V), or V,,,) 
as per truth table | 
Veco = 5.5V Io, = 16.0 mA (Pin 15) 
lo, = 14.4 mA (Pin 14) 
Veo = 4.5V Io, = 12.4 mA (Pin15) 


Output High Voltage 


Output Low Voltage 


; Volts 
as per truth table 


P17 A Volts. Guaranteed input high threshold for all inputs 
ees Volts: | Guaranteed ome low threshold for all ranpuls 


Input High Voltage 
Input Low Voltage 


8 
128 “as Voc = ee ae 5V | Input Selected 
In nn fig selected 
{a= 


Voc = 5.0V 


a 
“fs Voc = 50V, See Paped 


i 4. (Sp to Z) Switching Speed 


_ (S, to Z) Switching Speed 


*Pulse tested 


| —__f 


ELECTRICAL CHARACTERISTICS* (T, = 0°C to +75°C, V.. = 5.0 V +504) (Part No. sessional 


_ LIMITS 
SYMBOL 0°C at es +75°C UNITS 
MIN. MAX. at es TYP. MAX. |MIN. MAX. 
a ; ; 
Input High Voltage 


i: | . ; 
Input Low Voltage — 0.85 0.85 Guaranteed | Guaranteed input low threshold for allinputs = low threshold for all inputs 


21 
aiaion pie 
i Gl inputs) Input Load Current —10 —1.6 Clare eee En Veco = 9. | Veg = 5.25 V Vi V.-=0.45V 
po LAL —0.91—141|{ = —141| mA | Voc =4.75V | Input Selected 
Ip (allinputs) | Input Leakage Current Wa Re uA Voc =5.25V Ve =4.5V 
PDH ] 
3 


1 0 
ego {Saree —}—— ta [mk [Voo=50V 
rts 91 Swing Spd [Ys Wec B, SePaae 
6 


*Pulse tested 


CHARACTERISTICS CONDITIONS 


Output High Voltage Voc = 4.75V Io, = —1.2 mA (Pin15) 
Veco =4.75V Io, = —1.08 mA (Pin 14) 
Inputs at threshold voltages (V,, or V,,,) 


as per truth table 
Voc = 5.25 V 


Output Low Voltage lo, = 16.0 mA (Pin 15) 
| Io, = 14.4 mA (Pin 14) 
vee =4.75V Io, = 14.1 mA (Pin15) 
lo, = 12.7 mA (Pin14) 
Inputs at threshold voltages (V,, or V,,,) 


_ as per truth table 
» Guaranteed input high threshold for all inputs 


Input not selected 
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A.C. CHARACTERISTICS 


All measurements are made with V., = 5.0 V applied to pin 16 and with pin 8 grou 


output loaded with 15 pF. Both outputs of the 9312 are loaded with 15 pF. 


t.g: Sp. to Z 


1.5¥ —— —__—_—_. —— 15V 
1.5V #- SSS 0 
OUTPUT (PIN 15) ' 


Other Conditions: Pins 1, 8, 10, 12, 13 = Gnd 
Pin 2 = Vcc through 1.0 kQ 
Pin 16 = Vcc 


INPUT: (PIN 11) 


TURN ON DELAY VERSUS 
AMBIENT TEMPERATURE; 


TURN OFF DELAY VERSUS 
AMBIENT TEMPERATURE; 


A.C. CHARACTERISTICS — 


nded. The active input is driven by a 9002 TTuL gate with the 


t4: 1, to Z 


1.5V-— f a +— 1.5V | 
| — ‘pd-} —| pdt = 


—— 1.5V 


INPUT (PIN 1 ) 


OUTPUT (PIN 14) 
. 1.5V 


Other Conditions: Pins 8, 10, 11, 12; 13 = Gnd 
Pin 16 = Vcc 


TURN OFF DELAY VERSUS 
AMBIENT TEMPERATURE: 


TURN ON DELAY VERSUS 
AMBIENT TEMPERATURE; 


So to Z S to Z I to Z I, to Z 
60 60 30 
eet pt reese ttt Mes | 
eed (a ae a Ge ae Ve al ve cles a 
i ia Oe a GO HW a || a ie ee ee [Ce eae ae 
Cosceneeoe Geena oas| | Coen [oceeeeees 
vi a a an ae = a tral 2 
ee ae a a a ae a ee oe ae a Peas a ia 
2 ou i Fa = => a 
<i He a ee ea a ie re ee ae ee Jer i ee ai 
sae a a ek PY cad cae a a ee i aa ices 
2 Crt 7 [ees EL ee cee we se, ies (i 
10 PRE) eee: carcass NS (OES) DONS 10 6 |-——__-—_ 5.0 i a 
i a (a a fae fies ee ae N ae A Deis pee 
ae ae ae: se silico es ii on ie ee ae a ae 


wn 


25 
T, = AMBIENT TEMPERATURE - a 


Fig. 9 


wt 


T, ~ AMBIENT TEMPERATURE ~ °C 


Fig. 10 


See 
INPUT (PIN 11) 


na 


Other Conditions: Pins 1, 8, 10, 12, 13 = Gnd 
Pin 2 = Vcc through 1.0 kQ 
Pin 16 = Vcc 


OUTPUT (PIN 14} 


TURN ON DELAY VERSUS 
AMBIENT TEMPERATURE; 


TURN OFF DELAY VERSUS 
AMBIENT TEMPERATURE; 


5 


uw 


T, ~ AMBIENT TEMPERATURE - °C 


Fig. 11 


T, ~ AMBIENT TEMPERATURE - °C 


Fig. 12 


Other Conditions: Pins 8, 11, 12, 13 = Gnd 
Pin 1 = Vcc through 2.0 kQ 
Pin 16 = Vcc 


TURN ON DELAY VERSUS 
AMBIENT TEMPERATURE; 


TURN OFF DELAY VERSUS 
AMBIENT TEMPERATURE; 


S toZ | So. to Z E to Z E to Z 
60 60 6 | 
= | || | |] eo vee) | || | 11 
(eee ee ee eae 
a en ee a OD e 
a a as a = : 
et See 3 : 
se ro) ; a cs) 
= gee ee i a an a eee ea ec an : 
gg a Da ZF a ns a” 5; 
iors ae) a - 
a ae ae a al ag) j 2 
EEE aS BRE . 
rs a ee | a es (ome ee oe | ee : 
> a ae ae Oe nl (oa ear el 


5 


Ty ~ AMBIENT TEMPERATURE - °C 


Fig. 13 


T, ~ AMBIENT TEMPERATURE - °C 


Fig. 14 
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T, ~ AMBIENT TEMPERATURE ~ bl 


Fig. 15 


T, - AMBIENT TEMPERATURE ~ °c 


Fig. 16 


- FAIRCHILD MEDIUM SCALE INTEGRATION 9312 


APPLICATIONS 
A MULTI-PORT MEMORY MODULE 


The four bit by eight word multi-port memory module shown in the below diagram uses only thirteen MSI packages; four 9308 24 pin dual four bit 
latches, eight 9312 eight input multiplexers, and one 9301 one-out-of-ten decoder. 

The module as shown is capable of simultaneously reading from two independently specified locations and writing into a third independently selected 
location. The necessary enables are provided so that a number of these modules may be connected together to produce a larger memory. As an example 
a sixteen bit by sixty-four word memory would require thirty-two of the modules shown below. s | 

By connecting this type of memory to a function generator unit, a processor could be constructed that would execute three address instructions at a 
very high speed on the data contained in this type of memory. In order to utilize the speed of the memory the instructions would also have to be 
contained in fast semiconductor memory. | 


WRITE WRITE MODULE WRITE ADORESS A MODULE ENABLE ADDRESS 8 MODULE ENABLE 
DATA ADDRESS ENABLE STROBE | | 


1 
h 


ag Ay hy e _ 
Stet 
9901 1/10 DECODER "8 wok 
012345678 F eohok : 
J 2 Ss x* ios) 
2 2 
sg BIT 3 =“ £. 
2 o 
~ x 
o a 


—E Ig hy 


Spe lg ly 
S| 
So_ 
Be oS 
@ eee eee, 
Se ce ete ee 


ew - 
ae : a 
[- 4 
» up > 
4 
= 
* = - 
z 
Rea Ew BIT 2 x: 
wo 
TTT = 
i a 28 
Hy 7 + : a 
eee ag 
an +—— | 7 
BIT 1 


fo ee el ae pa 
TTF 
| ail lll 
DE Dp 0; By D3f foe 
0 9308 4 BIT LATCH 1 § § 9908 4 BIT LATCH 2 
dp @ a, 0 we % % @ 0 ty O O 0 2! ‘ 
ee lo ty ye ts I SoE lg 3 
S} «9312 8 INPUT MULTIPLEXER 
S. i So 


9312 8 INPUT MULTIPLEXER 


Trt 


*All Multiplexer connections are 
similar to Mo and M3 with in- 
puts to Mo and Mo being the 
Qo outputs of the latches, Mi: 
and Mi: inputs being the Q: out- 
puts of the latch, Mz and M2 
inputs being Q2 outputs of the 
latch, etc. 


Sy 


COMPARE ENABLE 
FROM PRECEEDING 
STAGE 


_APPLICATIONS 


3 BIT COMPARATOR 


Three bits of data to be compared are supplied to the address and select inputs of the 9301 and 9312 respectively. If A), A,, A,, and B, B,, B, 
compare, the mutually exclusive active low output of the 9301 1/10 decoder and the selected input of the 9312 multiplexer will be coincidental and 
COMPARE OUT will be high. The COMPARE ENABLE must be low to permit compare operation. - 


3 BIT COMPARATOR } - INTERCONNECTION DIAGRAM 
Ap Ay Ag 2 3 Bo B, 8 . FOR 9 BITS — 


Ag 


93011 10 DECODER 


COMPARE ENABLE 
TO NEXT STAGE 


COMPARE OuT 


Fig. 18 


IMPLEMENTING ANY FOUR-VARIABLE BOOLEAN FUNCTION 


The 9312 eight input multiplexer can (in addition to performing its nominal function) produce any Boolean function of four variables without any 
additional elements if both the assertion and negation of one of the variables are present. If an assertion and negation are not present, one inverter 
may be required. | . 


The procedure for implementing a four-variable function, along with an example, is shown in the attached diagram. First, consider the function in 
terms of a Karnaugh map. If the Qo, Q, and Q, variable are connected to the S,, S, and S, inputs of the 9312 then the Karnaugh map will be split, 
as shown, into eight sections, with each section corresponding to an input to the 9312. In order to implement the function each input of the 9312 

is connected to one of the following four signals: ground, Vc, the assertion, or negation of the fourth variable. | 


The contents of the two squares associated with an input, on the Karnaugh map, determine which connection is made to that input. If both squares . 
contain a zero, ground should be connected to the input; if both squares contain a one, the input should be connected to V.c. If the two squares 
contain a one and a zero then either the assertion or negation of the fourth variable will be required to implement the function. If the single one 
is located in the square associated with the assertion of the fourth variable then the assertion of the assertion of the fourth variable is connected 
to that input, and vice versa. 


Shown in the illustration below is a 9312 decoding the condition of a 9300, producing a one output whenever the register contains two or more 
transitions. The truth table, Karnaugh map and the connection to the 9312 for this function are also shown in the illustration. 


In many applications, using the 9312 to implement general logic functions of four variables will result in a sizeable reduction in package count. 
In many cases use of the 9312 with additional gates to produce functions of more than four variables will also reduce the package count. 


The concept of using the 9312 eight input-multiplexer as a general logic function generator is described by S. S. Yau and C. K. Tang of North- 
western University in a paper presented at the 1968 Spring Joint Computer Conference in Atlantic City, New Jersey. 


REQED. REQ'ED. 
INPUT CONNECT'N. INPUT CONNECTN. 
| Qo 


KARNAUGH MAP OF . 
FOUR VARIABLE FUNCTION. 


“facie 


MULTIPLEXER 
TRUTH TABLE INPUT MAP FOR 
So7Qo1 $1 =Q), $27Q2 


(e) 


Qe Qo 


Fig. 19 FROM THE KARNAUGH MAP OF THE DESIRED FUNCTION 
Ig-I7 CONNECTIONS CAN BE DETERMINED. 
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~TTyLlL960l1 


RETRIGGERABLE MONOSTABLE MULTIVIBRATOR 


TRANSISTOR-TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 
A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION — The retriggerable monostable multivibrator or one-shot provides an output pulse 
with high accuracy and a very wide duration range (50 nsec to 90). It has four DC level-sensitive inputs, two 
are active-level High and two are active-level Low. Designed for high speed operation, the 9601 will respond 
to trigger inputs even when already in its active timing state, and will time itself out from the last input 
pulse received. 


The unique design of the 9601 makes it very useful in applications such as in square-wave and variable 
delay pulse generators, long delay timers, pulse absence detectors, digital low-pass filters, and even FM 
demodulators. | 


HIGH SPEED OPERATION — MAXIMUM INPUT REP/RATE GREATER THAN 10 MHz 
COMPLEMENTARY DC LEVEL SENSITIVE INPUTS 

50 nsec TO co OUTPUT PULSE WIDTH RANGE 

OPTIONAL RETRIGGERING/LOCK-OUT CAPABILITY: 

¢ THE INPUT/OUTPUT CHARACTERISTICS PROVIDE EASY INTERFACING WITH DTuL, LPDTzL, 
TTuL, MSI, AND OTHER CCSL PRODUCTS. 


- ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Voc Pin Potential to Ground Pin uw —0.5Vto +8V 
Input Voltage —0.5Vto +5.5V 
Voltage Applied to Outputs —0.5 V to +V.- value 


ORDER INFORMATION | 
Specify U3I96015XX for flat package and U1A96015XX for FAIRPAK package, where 5XX is 51X for —55°C to 
. +-125°C temperature range or 59X for the 0°C to +75°C temperature range. 


PULSE WIDTH CALCULATION 
TPW = 0.36 RC, 
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- FAIRPAK OUTLINE 


FLAT PACKAGE 
TOP VIEW 


LOGIC DIAGRAM 


Vec = PIN 14 Cy 
GND = PIN7 


FAIRCHILD 


SEMICONDUCTOR 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 


| | LIMITS 
CHARACTERISTICS 0°c +25°C +75°C 3 CONDITIONS 
MIN. MAX. MIN. TYP. MAX. MIN. MAX. (Note 1) 


Output High Voltage Voc = 4.75 V, lop = —0.72 mA 


| | (Note 2) 
Output Low Voltage | an) 02 0. Voc = 4.75V, Io, = 10.0 mA 
| (Note 2) 
Input High Voltage : : 1.7 Veco = 4.75 V 
(Note 3) 
Input Low Voltage 14 08 Veco = 5.25 V 
(Note 3) 

_Input Load Current —10 —1.6 Voc = 5.25 V, V_ = 0.45 V 
Input Load Current —0.97 —1.24 Voc = 4.75 V, Vp = 0.45 V 
Input Leakage Current 15 ~=—60 Voc = 5.25V, Vp = 4.5V 
Quiescent Power Supply Drain 25 Veco = 5.25 V 
Negative Trigger Input 25 30 Vec = 5.0V, R, = 5 KQ 

to True Output C, =0, C, = 15 pF 
Negative Trigger input 25 50 Veco = 5.0V, Ry = 5 KO 
to Complement Output Cy, = 0, C, = 15 pF 
Min True Output Pulse Width | 65 Voc = 5.0V, Ry = 5K 
, C, =0, C, = 15pF 
Max allowable Wiring Cap Pin 13 (Note 4) 50 Pin 13 to Ground 
Timing Resistor 5 40 


NOTES: 


(1) Unless otherwise. noted, 10 KQ resistor is placed between Pin 13 and V-- for all tests. (R,) 
(2) Ground Pin 11 for Vo, Pin 6 or V,,, Pin 8 
Open Pin 11 for V., Pin 8 or Vo), Pin 6 
(3) Pulse test to determine V,,, and V,, (min. pw 40 nsec) 
(4) This capacitance, if present, will add to C, in determining output pulse width. 


tpd TEST CIRCUIT 


Note: Capacitance 
includes jig and 
probe capacity 


 f ~ 1 MHz 
Amp ~ 3 V 
Width ~ 40 ns 
| tr =tr< 10 ns 


FAIRCHILD RETRIGGERABLE MONOSTABLE MULTIVIBRATOR TTyuL9601 | 


ELECTRICAL CHARACTERISTICS —55°C to +125°C, V.. = 5.0V +10% 


LIMITS 
SYMBOL CHARACTERISTICS —55°C 
MIN. MAX. MIN. TYP. 


Output High Voltage 24 24 33 


Output Low Voltage | : 0.2 0.40 


Input High Voltage | C 20 17 

Input Low Voltage 1.4 

Input Load Current | —1.1 

Input Load Current 
Input Leakage Current 4 15 
Quiescent Power Supply Drain 


Negative Trigger Input Pe om 25 
to True Output | | 


Negative Trigger Input | 25 
to Complement Output 


Min True Output Pulse Width 


Max allowable Wiring Cap Pin 13 (Note 4) 
Timing Resistor . 5 


NOTES: 


425°C 125°C 


MAX. MIN. MAX. 


0.85 
—1.6 


—0.97 —1.24 


60 
25 
50 


50 | 
65 


50 
20 


(1) Unless otherwise noted, 10 KQ resistor is placed between Pin 13 and Vcc for all tests. (R,) 


(2) Ground Pin 11 for V,, Pin 6 or Vp,, Pin 8 
Open Pin 11 for V,, Pin 8 or Vo,, Pin 6 
— (3) Pulse test to determine V,,, and V,, (min. pw 40 nsec) 


(4) This capacitance, if present, will add to C, in determining output pulse width. 


LOADING RULES 


INPUT 
LEVEL 


High 


LOAD 
FACTOR 


CONDITIONS 
(Note 1) 


Veo = 4.5V, lon = —0.72 mA 
(Note 2) 

Voc = 45V, Io, = 10.0 mA 
(Note 2) 

Voc = 4.5 V (Note 3) 

Voc = 5.5 V (Note 3) 

Veco = 5.5 V, Ve = 0.4V 

Veo = 4.5V, Ve = 0.4V 

Vec = 5.5 V, Vp = 4.5V. 

Vec = 5.5V 

Vec = 5.0V, Ry = 5 KQ 

C, =0, C, = 15 pF 

Veco = 5.0V, Ry = 5 KQ 

C. =0, ©, = 15pF 

Vec = 5.0 V, Ry = 5 KQ 

Cy = 0, C, = 15 pF 

Pin 13 to Ground 


Low 


OUTPUT 
STATE 


FANOUT 


1 High Level Load = |, 
_ 1 Low Level Load = I, 
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FAIRCHILD RETRIGGERABLE MONOSTABLE MULTIVIBRATOR TTuL9601 


APPLICATION HINTS 


A. Extending the Range of the External Timing Resistor Ry. 


Pulse Width stability over Supply Voltage 
and Temperature Range will depreciate 
slightly using this circuit. 


R = HQ, (0.7) (Ry mar) 
Q, may be any NPN transistor with 
suitable H,- at currents of < 1 mA. 


B. Recommended Method for using Remotely Located Timing Resistors. 


|<— ANY LENGTH —| 
=—o Vcc 
R —R 
MOUNT AS CLOSE X MAX~™"X MIN 
TO THE PIN 


AS POSSIBLE. 
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9622. 
DUAL LINE RECEIVER 


A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION — The 9622 is a dual line receiver designed to discriminate a worst case logic swing a — 

of 2 volts from a + 10 volt common mode noise signal or ground shift. A 1.5 volt threshold is built into the TYPICAL DUAL IN-LINE PACKAGE 
differential amplifier to offer a CCSL compatible threshold voltage and maximum noise immunity. The offset Festa es 

is obtained by use of current sources and matched resistors and varies only + 5% (75 mV) over the Ite | 
and industrial temperature ranges. 


The 9622 allows the choice of output states with the inputs open without affecting circuit performance by 
use of S3. A 130 Q terminating resistor is provided at the input of the each line receiver. An enable is also 
provided for each line receiver. The output is CCSL compatible. The output high level can be increased to 
+12 V by tieing it to a positive supply through a resistor. The outputs can be wire-OR’ed. | 


FEATURES: | | 
¢ CCSL COMPATIBLE THRESHOLD VOLTAGE 

e INPUT TERMINATING RESISTORS 

© CHOICE OF OUTPUT STATE WITH INPUTS OPEN 
° CCSL COMPATIBLE OUTPUT 

HIGH COMMON MODE , | 
WIRE-OR CAPABILITY ss . "300" centers: They are purposely shipped with, 


e 
e ENABLE INPUTS | — 2, ganrd-driling dimerstena’should fausl your 
: Ail MILITARY TEMPERATURE RANGE practice for a conventional .020 linch diameter lead. . 
e LOGIC COMPATIBLE SUPPLY VOLTAGES FLAT PACKAGE 

TOP VIEW 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) _ 7 
Storage Temperature —65°C to +150°C 


_ Temperature (Ambient) Under Bias oe —55°C to +125°C 

Vec,; Pin Potential to Ground Pin —0.5Vto+7V 

‘Input Voltage 7 +15V 

Voltage Applied to Outputs for High Output State . —0.5Vto +13.2V agi ae aT — aD 8 
V-- Pin Potential to Ground Pin | —0.5Vto —12V 250 


Enable Pin Potential to Ground Pin | —0.5Vto +15V 


ORDER INFORMATION 


Specify UGA9622XXX for 14 pin Dual In-Line package, U319622XXX for 14 pin Flat package where XXX is 51X 
for the —55°C to +125°C temperature range, or 59X for the 0°C to +75°C temperature range. 


FAIRCHILD 


SEMICONDUCTOR 
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ELECTRICAL CHARACTERISTICS (Temperature Range —55°C to +125°C, Veg = 


SYMBOL 


I (ENABLE) 
Le(EN ABLE) - 
Je, + Input} 
lec — Input) 


ViL(ENABLE) 


CHARACTERISTICS 


Output Low Voltage 
Output High Voltage 
Output Leakage Current 


Output Shorted Current 


Enable Input 


Leakage Current 


Enable input 
Forward Current 


+ Input . 


Forward Current 


— Input 


Forward Current 
Input Low Voltage 


Differential Input 
Threshold Voltage 


_ Common Mode Voltage 


Terminating Resistance 
5 V Supply Current 


—10 V Supply Current 


Turn-off Time 


Turn-on Time - 


LIMITS 2 
—55°C +25°C +125°C 
MIN. MAX. MIN. TYP. MAX. MIN. MAX. 
0.40 0.25 0.40 0.40 

2.8" 3.0 3.3 2.9 
50 100 200 
—1.3 31 {9-215 31 13-31 
2.0 5.0 
—15 —0.96 —1.5 —1.5 
—2.3 —1.67 —2.1 —2.0 
—2.6 187 —2.4 05 
13 14 10 0.7 
10 20 10 15 20 410 20 


—10 +12 +10 


100 «#130 = «175 


13.7. 22.9 


—6.5 —11.1 


38 30 


35 90 


“Voice iS a differential input voltage referred from A+ to A— and from B+ to B—. 


SCHEMATIC DIAGRAM 
(LINE RECEIVER) 


Voc (7) 


UNITS 


ns 


ns 


9.0 V 10%, V-- = —10 V 10%) (Part No. UXX962251X) 


CONDITIONS & COMMENTS 


"Voie = 2.0 V 


"Vie = 1.0V 
"Voce = 1.0V 


“Voire = 1.0 V 


S,= 4.5V 
Veo = 5.5V 
S,=0V 

Veo = 5.0V 


— Input = Gnd 
Veo, $; = 5.0V 
-+- Input = Gnd 
Voc = 5.0V +10% 
Viz = —10V +10% 
Veco = 5.0V +10% 


Vee = —11V 
Ilo, = 12.4 mA 
Veg = —9.0V 
“Toy = —0.2 mA 
Vee = —11V 
Vee = 12V 
Veg = —10V 
Vso = OV 
Vee = —11V 
Vp =4.0V « 
Vez = —9.0V 
V.=0V 
Vez = —10V 
V-=0V 
Veg = —10V 
V.=0V 


Vie = —10V +10% 


Veo = 5.5V 


S3, + Inputs = 5.5 V, — Inputs = 0V 


S;, + Inputs = 5.5 V, — Inputs = 0V 


"Voice = 1.0Vor2.0V 


Vin 0-93 V, R, = 3.9 kQ, C, = 30 pF 


Vin 043.0 V, R, = 0.39 kQ, C, = 30 pF 
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FAIRCHILD DUAL LINE RECEIVER + 9622 | 


ELECTRICAL CHARACTERISTICS (Temperature Range 0°C to +75°C, Veg = 5.0 V £5%, V__ = —10 V +5%) (Part No. UXX862259X) 


SYMBOL CHARACTERISTICS UNITS 


la ENABLE} 
IF(ENABLE) 
lec. Input) 
lee Input) 


Vit (ENABLE) 


Output Low Voltage 


Output High Voltage 
Output Leakage Current 
Output Shorted Current 


Enable Input 
Leakage Current 
Enable Input — 
Forward Current 
+ Input 

Forward Current 
— Input 

Forward Current 
Input Low Voltage 


Differential Input 
Threshold Voltage 


Common Mode Voltage 


Terminating Resistance 


5 V Supply Current 


—10 V Supply Current 


-Turn-off Time 


Turn-on Time 


LIMITS 
0°c +25°C 
MIN. MAX. MIN. TYP. 
0.45 0.25 

2.9 30 33 
80. 

—13 —31 —14 —2.15 
—15 — 96 
5e26 —1.67 
—29 187 
1.2 1.4 

10 20 10 1.5 

—7.5 +12 
91 130 
13.7 
—6.5 
38 
35 


*“Voire is a differential input voltage referred from A+ to A— and from B+ to B—. 


/ 


SWITCHING TIME TEST CIRCUIT 


DRIVER SYSTEM 


STANDARD USAGE. 


—+75°C CONDITIONS & COMMENTS 
MAX. MIN. MAX. 
0.45 0.45 V Veo = 4.75 V Vee = —10.5V 
| "Voice = 2.0 V lo, = 14.1 mA 
2.9 V Veco = 4.75 V. Veg = —9.5V 
"Voce = 1.0V lo. = —0.2 mA 
100 200 LA Veo = 4.75 V Vee = —10.5V 
"Voice = 1.0V Veex = 9.25 V 
3.0. 13) 3d mA Veco = 5.0V Vee =—10V 
"Voice = 1.0V Veg = OV 
) 10 LA Veco = 4.75 V Ve. = —10.5V 
S, =4.75V Ve = 4.0 V 
—1.5 —15 mA Vec = 5.25 V Vig = —9.5V 
S;=0V V. = OV 
—2.4 —2.3 mA Veco = 5.0 V Vee = —10V 
—Input=Gnd V.=0V 
—2.7 —2.6 mA Veo, $3 = 5.0V Vee = —10V 
-+ Input = Gnd Ve =O0V 
1.0 0.85 V Vec = 5.0V 45% 
Vee = —10V 45% 
20 10 2. V Veco = 5.0 V +5% 
Veg = —10V +5% 
+7.5 | V Veco =5.0V . Vie = —10V 
: "Voice = 1.0Vor2.0V 
185 2 - 
22.9 mA Voc = 5.25V Vee = —10.5V 
S;, +Inputs = 9.25 V, —Inputs = 0V 
—11.1 mA Veco = 5.25 V Veg = —10.5V 
S;, +Inputs = 5.25 V, —Inputs = OV 
100 ns Vec = 5.0 V Veep = —10V 
Vin O-43.0 V, R, = 3.9 kQ, C, = 30 pF 
100 ns Vea= 5.0'V Vip = —10V 
Vin 0-43.0 V, R, = 0.39 kQ, C, = 30 pF 
WAVEFORMS 
tpd+ tpd— 
3.0V , | 7 
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RECEIVER SYSTEM 


\ | 
i LINE | , 

1 t 

' | 


Voz 7 OUTPUT LOW VOLTAGE - mW 


Voyt ~ OUTPUT VOLTAGE - VOLTS 


- TURN ON TIME - ns 


. tog- 


TYPICAL OUTPUT LOW VOLTAGE 
VERSUS 
OUTPUT LOW CURRENT 


Veg = ~]0V 
Ta 7 25°C 


Hoy ~ OUTPUT LOW CURRENT -mA 


TYPICAL Vout - Voir TRANSFER 
CHARACTERISTICS 
ac | : 
ae 


Pon worn vmrarwarorornand 


IN ini ie 


eles aye | 


1.2 
Vorpp 7 DIFFERENTIAL INPUT VOLTAGE - VOLTS 


1.4 1.6 1.8 


TURN ON TIME VERSUS 
AMBIENT TEMPERATURE 


PIYPICAL | — 
LOAD BB, =| | TT 


Ty ~ AMBIENT TEMPERATURE - 2G 


TYPICAL ELECTRICAL CHARACTERISTICS 


TYPICAL OUTPUT HIGH VOLTAGE 
VERSUS 
OUTPUT HIGH CURRENT 


Voy OUTPUT HIGH VOLTAGE - VOLTS 


2.0 2.5 
ly ~ OUTPUT HIGH CURRENT - mA 


TYPICAL OUTPUT VOLTAGE 
VERSUS 
COMMON MODE VOLTAGE 


Voyy ~ OUTPUT VOLTAGE - VOLTS 


-20 12 
Vom - COMMON MODE VOLTAGE - VOLTS 


“4.0 0 4.0 12 


TURN OFF TIME VERSUS 
AMBIENT TEMPERATURE 


}LOAD A: R, = 5000 C; = S0pF V, = 5.0V 
80 LOAD B: Ry = 3.9k2 Ch = 30pF V, = 5.0V 
= 2000 C, = 50pF V, = 3.0V 


60 
Ty ~ AMBIENT TEMPERATURE - °C 
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Vout ~ OUTPUT VOLTAGE - VOLTS 


'1N - INPUT CURRENT - mA 


Pp - POWER DISS! PATION - mW 


LOGIC LEVELS VERSUS 


AMBIENT TEMPERATURE 


TYPICAL Voy @ Igy = -0.2mA 


-60 -40 -20 0 2 4 60 80 100 120 140 


Ty? AMBIENT TEMPERATURE °C 


INPUT CURRENT VERSUS 
INPUT VOLTAGE 


i tT INARI 


z 
& 
Vi 


z 
Y, 
a 
x 

‘s 
ae 


“4.0 0 4.0 
Vin 7 INPUT VOLTAGE - VOLTS 


POWER DISSIPATION VERSUS 
AMBIENT TEMPERATURE 


aa 
ol 
-60 


a —— es 
Ee ented ed 


-20 0 20 60 100 
Ty - AMBIENT TEMPERATURE - °C 


BERriTia 
Piles Ie 


i 


40 


_ FAIRCHILD DIODE-TRANSISTOR MICROLOGIC* 
INTEGRATED CIRCUITS COMPOSITE DATA SHEET 


A FAIRCHILD COMPATIBLE. CURRENT SINKING LOGIC PRODUCT 
| 0°C TO 75°C TEMPERATURE RANGE 


“GENERAL DESCRIPTION — Fairchild Diode Transistor Micrologic® (DTuL) Integrated Circuits family uses 


_ diode-transistor logic and is designed specfically for integrated circuit technology. The design of these circuits TYPICAL DUAL IN-LINE PACKAGE — 
offers distinctly superior performance. Some of.the advantages follow: | | (Pasir nee one) 
: ‘ : 310 
e HIGH PERFORMANCE WITH A SINGLE POWER SUPPLY - - 5.0 V i : 


¢ HIGH NOISE IMMUNITY - - 1.0V | 

¢ HIGH FAN-OUT CAPABILITY - - 8-25 | 

© GATES WITH 6 k OR 2 k PULL-UP RESISTORS FOR OPTIMUM SPEED | eae 
aoe 


e FAN-OUT AND NOISE IMMUNITY TRADE-OFF = ieee [+00 maa.——fore 


| 425 TYP. iF 


788 
MAX. 


1 4 

7 8 
[200 | 

MAX. 


1. Leads are intended for insertion in hole rows on .300" centers. They are 
purposely shipped with ‘positive’ (.350) misalignment to facilitate insertion. 


e LOW POWER DISSIPATION --8.5 mW/GATE 
e GATE OUTPUTS CAN BE TIED TOGETHER FOR THE “WIRED OR” FUNCTION 


2. Board-drilling dimensions should equat your practice for a conventional .020 
inch diameter lead. 


TYPICAL FLAT PACKAGE 
TOP VIEW is 


ORDER INFORMATION —To order Diode Transistor Micrologic® Integrated Circuits elements specify 
U31XXXX59X for Flat package and U6AXXXX59X for Dual In-Line* package where XXXX is 9930, 9932 etc. 


PIN CONFIGURATION: IDENTICAL FOR DUAL-IN-LINE AND FLAT PACKAGES 


DTuL 9930 ¢ DTyL 9961 DTuL 9946 e DTuL 9949 | DTuL 9962 ¢ DTyuL 9963 
DTuL 9932 e DTyl 9944 | , 


TOP VIEW TOP VIEW TOP VIEW . TOP VIEW 


*Fairchild Patent Pending 


SEMICONDUCTOR 
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DTuL GATES 

All DTuL gates are positive logic NAND gates or negative logic NOR gates. A variety of gate combinations is available which provides the system designer the 
utmost in logic flexibility and reduces package requirements to a minimum. Gate outputs may be paralleled to perform OR (collector) logic. In addition, gates 
may be cross-connected to form flip-flops, exclusive OR, etc. Gates with 2k pull-up resistors offer improved propagation delay times. 


LOGIC DIAGRAM SCHEMATIC DIAGRAM — ONE GATE ONLY 
DTuL 9930 e DTyuL 9961 


R, = 2.00k & 
TYPICAL RR, = 1.75k © 
RESISTOR R, = 5.00k 2 
VALUES —_R, = 6.00k @ (9930) 
R, = 2.00k & (9961) 
POSITIVE (NAND) LOGIC. 
E = W-B-C-D(X) 
F = GPs 
LOGIC DIAGRAM SCHEMATIC DIAGRAM — ONE GATE ONLY 
DTuL 9946 e DTuL 9949 
Ay 
By; 
E) 
| R, = 2.00k & 
ho TYPICAL = R, = 1.75k 2 
RESISTOR R,=5.00kQ 
Bo VALUES —R, = 6.00k @ (9946) 
R, = 2.00k (9949) 
E2 
"GND. Fo 
POSITIVE LOGIC NEGATIVE LOGIC 
POSITIVE (NAND) LOGIC 
E= AB 
F= GH 


LOGIC DIAGRAM | SCHEMATIC DIAGRAM — ONE GATE ONLY 
: Oo | DTuL 9962 © DTuL 9963 7 


= 2.00k 2 

TYPICAL RR, = 1.75k Q 

RESISTOR —R, = 5.00k 2 
VALUES _R, = 6.00k & (9962) 
R, = 2.00k & (9963) 


POSITIVE (NAND) LOGIC 
E=ABC 
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AVERAGE POWER DISSIPATION 
VERSUS TEMPERATURE 
(TYPICAL EACH GATE) 


4 10.0 


AVERAGE POWER DI 


AV. POWER DRAIN = Vec VA 


TEMPERATURE - °C 2 


TYPICAL Tpd TEST CIRCUIT DTyL GATES 


VIN 
15 V 13 V 
GND. 
PULSE IN 930,932 teat toa 
PW > 100ns 15 V 15 V 
oie Xe 0 Vout , GND 
Tha — will be read from input at 1.3 V 
. R C, Min. Max. 
(6 k Pull-up) tod , 3.9kO 30pF 25ns 80ns 
(6k &2k Pull-up) tog 400 2 50pF 10ns 30ns 
(2 k Pull-up) teat 3.9k2  30pF 15ns 50ns 


OPERATING VOLTAGE 
CHARACTERISTICS 


OUTPUT LOGIC LEVEL — V,,, AND Vo, | VA PACITVE ane 


WORST CASE ex THRESHOLD LEVELS — V,,, AND V,, 


VOLTAGE - VOLTS 


_ 4 60 80 0 
TEMPERATURE - °C ’ CAPACITANCE C - pF 
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DTyL 9932 BUFFER ELEMENT © 
DTuL 9944 POWER GATE 


FAIRCHILD DIODE-TRANSISTOR MICROLOGIC®1.C. 


The DTul 9932 is a dual 4-input inverting driver. It features an emitter-follower pull-up which provides a high fan-out device with superior capacitance-driving | 
capability. The DT ul 9944 has an output with no internal pull-up. This provides a high fan-out device whose outputs may be tied together to perform the 
“wired OR” function. The 9944 is useful as an interface driver or as a low-power lamp driver. The fan-in of either element may be extended with the use 


of the DT uL 9933. 


SCHEMATIC DIAGRAM OF THE — 
DTyL 9932 ELEMENT (ONE SIDE ONLY) 


LOGIC DIAGRAM 


POSITIVE (NAND) LOGIC 
E = AeBeC*De(X) 
F = GeHeleJ*(Y) 


tpd TEST CIRCUIT FOR DTyuL 9932 ELEMENT 


TEST ELEMENT 


‘SCHEMATIC DIAGRAM OF THE 
DTwL 9944 ELEMENT (ONE SIDE ONLY) 


_ Yee 


e 
Gnd. 


tpd TEST CIRCUIT FOR DTuL 9944 ELEMENT 


Vec 


TEST ELEMENT 


rc 


2kQ (944) 


SL Re X—X 1.3V SIL VIN Be ——K—X 1.3V 
PULSE lin GND PULSE lin GND 
R tpd+ - tpd- R tod pd 
1.5V wagered 1.5V 5 a 
ic a ee, (a eerie ena i oe rr ee a ———— GND 
20pf 20pF 
= + © 
All Diodes are FD600 or Equivalent at 25°C 
C; and Co includes Probe and Jig Capacitance C, and Co includes Probe and Jig Capacitance 
(Veo = 5.0 V, T, = 25°C) (Veg = 5.0V,T, = 25°C) 
R C Min. Max. R C Min. Max. 
ta, 9932 5102  S00pF 25ns  80ns ta, 9944 5102 20pF 15ns  SOns 
ta 99382 1802  S00pF 15ns 40ns tga 9944 1802  100pF 10ns  35ns 
TYPICAL tpd + VERSUS TYPICAL tpd + VERSUS TYPICAL tpd — VERSUS 
CAPACITY (9932) CAPACITY (9944) CAPACITY (9932, 9944) 
200 # 
Reaseercg 
. aa rane 
| | 
Cee cee 
eee 
fae See aes 
ERP SaeeeRee 
ha 2s e 
* 60 100 
CAPACITOR C - pF CAPACITOR C - 


pF CAPACITOR C - pF 
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DT:L 9945 * DTuL 9948 - CLOCKED FLIP FLOP 


The DT ul 9945 and DTuLl 9948 Clocked Flip-Flops are directly-coupled units operating on the ‘‘master-slave’’ principle. Information enters the ‘‘master’’ while the 
Trigger input voltage is high and transfers to the “‘slave’’ when the Trigger input voltage goes low. Since operation depends only on voltage levels, any sort of 
waveshape having the proper voltage levels may be used as a trigger signal. Rise and fall times are irrelevant. | | 


The DT ul 9945 and DTuwL 9948 have an improved direct Set and Clear design which allows unhampered asynchronous entry irrespective of signals applied to any 
other inputs. The direct inputs always take precedence, thus simplifying the design of arbitrarily preset ripple-counters and other minimum hardware applications. 


Output buffers provide isolation between the “slave” and the output load, thereby enhancing immunity to signal line noise. The DTul 9945 incorporates the 
standard 6 kQ output pull-up resistor, while the DTuL 9948 features a 2k © output pull-up resistor for improved rise times, and matched delay between rising 
and falling outputs for capacitive loading up to 100 pF. | 


SCHEMATIC DIAGRAM tpd TEST CIRCUIT 


° Voc 


[~" 
cc 
Vin 
1.5V 1.5V 
ae 7 GND. 
tpat ; tpa- 
GND | Vout 
7 15V —1.5V 
o Vcc GND 
C; and Co inciudes Probe and Jig Capacitance 
+ - VT? 0C; 12 (Veco = SV, T = 25°C) | 
ba i R C, Min. Max. 
| | | tog, - 9945 200k 30pF 35ns 75ns — 
NOTES: pins 1,8,13 NOT USED } I | toa 9945 330 2 30 pF 35ns - 75 ns 
DTuL 945, Rl = 6k | Cp GND tod 9948 2.00k  30pF 20ns 65ns 
DTul. 948, Ri = 2k : tg. 9948 3302  30pF 30ns 75ns 
TYPICAL MAXIMUM BINARY | 
COUNTING RATE VERSUS TYPICAL POWER DISSIPATION TYPICAL tpd VERSUS 
CAPACITY VERSUS Voc CAPACITANCE 
0 ; , 
5.0 pease eg rep 
: MENGE, < ra : 
2 Ln . Shee! 
2 S < 
CO et ctr 
g Bae aoe te DE 8 iy il eG as 
© FTF eee ee hes 
isa eT ly Paes e | = 
ee ran ws = 
LLU ELT a ah ce 
01 | a seaae Pal 
10 20 50 100 200 500 1000 3.0 4.0 5.0 6.0 7.0 8.0 
© - CAPACITANCE - pF Veg > COLLECTOR SUPPLY VOLTAGE - VOLTS | C - CAPACITANCE - pF 
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DTuL 9933 EXTENDER 


The DT ul 9933 is a Dual Input-Extender consisting of two independent diode arrays identical in every respect to the input diodes of the DTuL Gate and Buffer 
elements. Good practice dictates that extension interconnection paths be as short as. possible to minimize the effects of distributed capacitance on circuit 
performance. | 


Typical input capacitance of DT uL 9933 is 2 pF, output capacitance is 5 pF. 


SCHEMATIC DIAGRAM . : FLAT PACKAGE LAYOUT © 

A 1 
A j 

B J 
B J 
x “Ker Y : y 
. H c H 
: j : D G 

GND. 
GND. 
LOGIC EXAMPLE FORWARD VOLTAGE VERSUS 


FORWARD CURRENT +25°C 


‘2 9930 or9932 


¥, 9933 Y(or X) 


iro 


INPUT CURRENT — mA 


POSITIVE LOGIC E=ABCDGHIJ 
NEGATIVE LOGIC E=A+B+C+D+GtHt+It+J 


INPUT VOLTAGE — VOLTS 


DTL 9936 ¢ DTuL 9937 - HEX INVERTER 


The DTywl 9936 hex inverter has input-output characteristics identical to the other DTyL gates. Inverters can be cross-connected to form flip-flops or the outputs 
can be paralleled to perform the “wired OR” function. 


DTuL 9936 ¢ DTuL 9937 SCHEMATIC DIAGRAM — ONE INVERTER ONLY 
: DTuL 9936 ¢ DTuL 9937 


—d 
=— 


TYPICAL 
RESISTOR 
VALUES 


R 
R, 


aa 
Ro edhe 


TOP VIEW 
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DT.L 9951 - MONOSTABLE MULTIVIBRATOR 


The DTuL 9951 is an integrated monostable multivibrator designed for use with other members of the DTuL family. It provides complementary output pulses 


which are typically 100 ns wide. This pulse width is adjustable by the addition of external components. 


ABSOLUTE MAXIMUM RATINGS 
(above which useful life may be impaired) 


_ Supply Voltage (V.<), 


— 55°C to +125°C, continuous: +-8.0 Volts 
Supply Voltage (V.<); | 
pulsed, <1 second: +12 Volts 
Output Current, into outputs: | 50 mA 
Current into Pin 10 5.0 mA 
Input Forward Current —10mA 
Input Reverse Current 1.0 mA 
DTuwL 9951 


TOP VIEW 


INPUT-OUTPUT LOAD FACTORS TO DTuL FAMILY 


Each DTuL 9951 input should be rated at 2 loads. 
Each DTuL 9951 output may drive 10 DTwL loads. 


OUTPUT PULSE WIDTH VERSUS 
EXTERNAL TIMING 
CAPACITANCE Cx 


PUNE SE 
i 


OUTPUT PULSE WIDTH - us 


Cy - EXTERNAL TIMING CAPACITANCE - pF 


SCHEMATIC DIAGRAM 


RULES FOR USE OF DTyL 9951 


With Pin 9 connected to V.c and no external capacitor (C,), the output 
pulse width is approximately 100 ns. | 


With Pin 9 connected to V., and an external capacitor (C,) connected | 
between Pins 10 and 11, the output pulse width (1) is: 
T = 4.5 (€, + 20) with C, in pF and T in ns. 


For improved pulse width control, Pin 9 is left open and a stable external — 
resistor (R,) of 9k Q minimum to 15k maximum is connected from Pin 10 
to Vec. The output pulse width is given by the expression: T~ 0.5 R, 
(C, + 20) with R, in kQ, C, in pF and T in ns. | 


The output duty cycle (pulse width/period) should not exceed 40%. It may 
be increased to 50% by adding a 2k. resistor between Pin 11 and Voc: 
Higher duty cycles are obtainable but the output pulse width and perform- 
ance are less predictable. - 


.. The maximum input fall time to trigger: 25 ns for a 1.0-volt swing; 50 ns for 


a 2.0 volt swing; 100 ns for a 4.0-volt swing. | 


The AC sensitivity of the inputs may be decreased by connecting a capacitor 
between Pin 5 and ground. : | 


The minimum pulse width at output Pin 1 is approximately 100 ns. This 
pulse width may be decreased to 50 ns by connecting a 10 k © resistor 
between Pin 5 and Voc. 
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ABSOLUTE MAXIMUM RATINGS (above which useful life may be impaired) 


Supply Voltage (V.-), —55°C to 125°C, continuous 


Supply Voltage (V.-), pulsed, <1 second 


Output Current, into outputs © 
DTuL 9932 & 9944 
DTuL, except 9932 & 9944 


1 
je== 
0 (EXT) 


1/2 DTuL 9930, 
1/499 


1/3 9962, 
1/6 9936 | 


= ; 
(EXT) 


1/2 DT ul 9932 
1/2 DTuwLl 9944 


SO stm pet pen me 


1/2 DT ul 9961, 
as 949, 


1/49 
1/3 9963, 
1/6 9937 


fat Ome md Ons 


1/2 DT ul 9933 


+8.0 Volts 
+-12 Volts 


100 mA 
30 mA 


Input Forward Current 
Input Reverse Current 
Operating Temperature 


Storage Temperature 


INPUT-OUTPUT LOADING FACTORS 


1 

1 

leu 7 

1 oF Oy eee 

1) (EXT) %, 


12 


2 
DT ul 9945 


—10mA 

1.0 mA 

0°C to +75°C 
—65°C to +150°C 


2 
DTywL 9948 


The number of elements that may be driven by an output terminal may consist of any combination of sal whose summation of input loading does 
not exceed the output terminal driving capability. 


DTuL 9933 
EXPANDER 


TOP VIEW 


49930, 
9961,9932)0 

or9944 
¥%,9933 

¥%, 9933 


EXTENSION OF INPUTS 


ar) 


=o pet eet me 


ot pas ft pe 


RULES FOR INPUT EXPANSION AND “WIRED OR” CONNECTION 


fms md fmt pms 


=e pms feet pe 


DT 9930 ‘‘wired OR’’ 


8 (9930) 7 (9961) 
or 25 (9932) 


ALSO 9946, 9962 


RULES 


fms bas fat pet 


ot ot i 


DTuL 9961 “‘wired OR’’ 
ALSO 9949, 9963 


5% 


4x 1/4 DTuL 9946 


1. Outputs of DTuL gates with 6kQ pull-up resistors, 9930, 9946, and 9962 
may be tied together for the “wired OR” function. Subtract 1 unit fan-out 
for each added gate. Subtract 5 fan-outs for 6 added gates. 


2. Outputs of DT ul gates with 2k pull-up resistors, 9949, 9961, and 9963 
may be tied together for the ‘wired OR” function. Subtract 2 units of fan-out 
for each added gate. 


3. Outputs of DTuL 9932 may not be tied together for the “wired OR” function. 
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DTuL9935 
HEX INVERTER 


DIODE-TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 
A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT > 


GENERAL DESCRIPTION 
The 9935 is an expandable CCSL HexInverter. It consists of six DTuL gates without input diodes TYPICAL DUAL IN-LINE PACKAGE 
which are expandable by using external diodes or by using the DT y.L 9933 Dual 4-Input Extender | | i 


}o—.350 mAx.—=}— NOTE 1 


-element. Itisidealfora wide variety of applications, including one-shot multivibrators, latch- 


ing circuits, flip-flops, adders, registers, counters, decoders and many more. 


FEATURES 
| Expandable | Inputs 
Wired-OR Capability © 


@ The input/output characteristics provide easy interfacing with Fairchild LPDTyuL, vale 
and MSI families (CCSL). 


e All ceramic "HERMETIC" 14-pin Dual In-Line and CERPAK packages 


-280__ 
MAX, 


1. Leads are intended for insertion in hole rows on .300" centers They are 
purposely shipped with ‘positive’ (.350) misalignment to facilitate insertion. 


2. Board-drilling dimensions should equal your practice for a conventional .020 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) | me Semmeter toad: 
Storage Temperature — - -65°C to +150°C | 
Temperature (Ambrient) Under Bias -55°C to +125°C oo 
. , | | TYPICAL FLAT PACKAGE 
V., Pin Potential to Ground Pin | -0.5V to +8V : 
CC ‘TOP VIEW 
Input Voltage -1.5V to Input Diode Breakdown 
Voltage Applied to Outputs (Inputs Low ) 7 -0.5V to Vo Cc Value 
Current Into Output When.Output is Low 30 mA . 


ORDER INFORMATION 


Specify U3199355XX for flat package and U6A99355XX for Dual-In-Line package, where 5XX is 
51X for -55°C to +125°C temperature range or 59X for the 0°C to +75°C temperature range. 


VCC = Pin 14 
8 

GND = Pin 7 
10 


12 


FAIRCHILD 
SEMICONDUCTOR 
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FAIRCHILD DIODE-TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 


ELECTRICAL CHARACTERISTICS | 
-55°C + 25°C +125°C CONDITIONS & COMMENTS 


SYMBOL CHARACTERISTIC IN TYP MAX MIN TYP MAX MIN TYP MAX UNITS Vag = 5.0 V + 10% 
You Ou painte) 2.6 _ 2,6 3.3 28 | Volts Vag = 4.5V, Iogy = -180HA 
anes Vin * Value indicated on this 
: ae | 
VoL Output Low 0.4 — 0.3 0.4 0.4 Volts Voc = 5V, Tor, = 15 mA 
| . Voltage Van = 4.5V, 1, = 12 mA 
CO. "OL: 
Vin _Input High 2.3 _ 2.0 1.8 Volts Input High Threshold with 
Voltage FD600 on Input 
Vin Input Low 1,4 . 1.1 0.8 Volts Input Low Threshold with 
Voltage FD600 on Input 
I Input Load -1,5 | -1.5 -1.5 mA Vac = 5.5V, Ve = 0.4 
Current : a 2 
I, Input Load -1.2 -1,2 -1.2 mA Voc = 4,5V, Ve = 0.4 
Current 
t d+ Turn-Off Delay 25 65 80 ns SEE Figure. 4 
th d- Turn-On Delay 10 30 40 ns SEE Figure 4 
: : ‘ | ; CONDITIONS & COMMENTS 
SYMBOL CHARACTERISTIC o"¢ he Oc 


MIN TYP MAX MIN TYP MAX min TYP MAX UNITS vy, = 5.0 V 45% 


Output High ~ ‘ A ° | Volts Voc = 4,75, Ion = -180yA 
mONAge IL” eran indicated on this 


able 
cc= aa 25V, lo. = 15.2 mA 


Voc =x 4,75V, Tor, = 13.3 mA 

Input High ° ; . 1, Volts Input High Threshcld with 

Voltage | FD600 on Input 

Input Low ° ° : Volts Input Low Threshold with 

Voltage 7 FD600 on Input 

Input Load ) ‘ é . mA V,,=5.25V, V, = 0.45 
CC F 

Current 

Input Load e . ‘ mA V,,=4.75V, V, = 0.45 

CC F 
Current 
Turn-Off Delay : | ns SEE FIGURE 4 


Turn-On Delay ns SEE FIGURE 4 


Output Low . . . 0. Volts V 
Voltage 


CURVES FOR —55°C TO +125°C TEMPERATURE RANGE 


WORST CASE POWER DISSIPATION . 
VERSUS TEMPERATURE WORST CASE OPERATING Vin THRESHOLD VERSUS 
(EACH INVERTER) VOLTAGE CHARACTERISTICS | FORWARD DIODE VOLTAGE 


POWER DISSAPATION - mV 
VOLTAGE - VOLTS 


Vip ~ HIGH INPUT THRESHOLD VOLTAGE - VOLTS 


75 = -50 0 75 100 12 . 
TEMPERATURE - °C TEMPERATURE - °C Vep ~ FORWARD DIODE VOLTAGE (@ 10 yA) - VOLTS 


WORST CASE HIGH LEVEL WORST CASE LOW LEVEL 
NOISE IMMUNITY NOISE IMMUNITY Vii THRESHOLD VERSUS 
VERSUS TEMPERATURE VERSUS TEMPERATURE pOR WORD DIODE VOLTAGE 


1.6 


ia 
7" 
Oo 
1A 


. 

RE 
e 
—d 

hie 


TT tet 
ee ss 


chase 


—— 


D.C. NOISE IMMUNITY - VOLTS 


D.C. NOISE IMMUNITY - VOLTS 
o 
eo 


ak 
a 
ee 
ae 
raed 
Ee 


4A 


"Vip - LOW THRESHOLD VOLTAGE - VOLTS 


a 
Tr 
REC 
COCR 
CCC 
i ea i 
oe i 


Be 


TEMPERATURE ~ °C TEMPERATURE ~ °C Ve ~ FORWARD DIODE VOLTAGE (@1.5 mA) - VOLTS 
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‘CURVES FOR 0°C TO +75°C TEMPERATURE RANGE 


WORST CASE POWER DISSIPATION 
VERSUS TEMPERATURE 
. (PER INVERTER) 


L_ MAX MUNA [NVERTER ON oN 


POWER DISS! PATION - mW 


TEMPERATURE - °C 


WORST CASE HIGH LEVEL 
NOISE IMMUNITY 


D.C. NOISE IMMUNITY - VOLTS — 


TEMPERATURE - °C 


FIG. 1 


SCHEMATIC DIAGRAM : 
(ONE INVERTER ONLY) 


Ro 


Ry =2.0k2 
Re=1.75k2 
R32=5.0k2 


R4=6.0k2 


FIG. 2 
LOADING RULES 


OUTPUT FANOUT 
STATE SIX  59X 


Bae ed 'ON'' ai 


VOLTAGE - VOLTS 


D.C. NOISE IMMUNITY - VOLTS 


4.0 


SaNeeEae 


WORST CASE OPERATING | Vin THRESHOLD VERSUS 
VOLTAGE CHARACTERISTICS FORWARD DIODE VOLTAGE 


Vj yj ~ HIGH INPUT THRESHOLD VOLTAGE - VOLTS 


+75 


TEMPERATURE ~ °C” Vep 7 FORWARD DIODE VOLTAGE (@ 10,A) - VOLTS 


WORST CASE LOW LEVEL Es 
NOISE IMMUNITY V.. THRESHOLD VERSUS 
VERSUS TEMPERATURE FORWARD DIODE VOLTAGE 


Vip 7 LOW THRESHOLD VOLTAGE - VOLTS 


TEMPERATURE - °C Vep ~ FORWARD DIODE VOLTAGE (@ 1.52 mA) - VOLTS 


FIG. 3 
RULES FOR INPUT EXPANSION AND ‘'WIRED OR” CONNECTION 


eayo—e 


6x 1/6 9935 "WIRED OR" For the 
"WIRED OR" function - Subtract 1 
unit fan-out for each added gate. 
Subtract 5 fan-outs for 6 added gates. 


EXPANSION OF INPUTS 


Typical input capacitance of the 9933 is 2.0 pF and 
output capacitance is 5.0 pF. All wiring should be 
kept as possible to minimize effects of distributed | 
capacitance on circuit performance, 


Use FD600 or equivalent expansion. 
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FAIRCHILD DIODE-TRANSISTOR 


FIG. 4 
SWITCHING TIME TEST CIRCUIT 


PULSE IN 


on ie 


“MICROLOGIC® 


(INCLUDES JIG & PROBE 


CAPACITANCE) 


ferestc] 13 [a1] 


PROPAGATION DELAY VERSUS 
CAPACITANCE 


AT +125°C 
120 

mans ™T | TTT 

ee ae lle Se 
2 100 Vcc 7 5.0V e a | 2 
a. ioe) | 
i = 
~ 80 = 
z z 
S S 
= « S 
= E 
S S 
a. a 
a RB 


C, - CAPACITANCE - pF 


TYPICAL TURN-ON DELAY (t,.-_) 
VERSUS TEMPERATURE 


TTT 
ei 


165 


e 75 e 125 
a ae ee z 
= = 
eee 5 
mae a 
3 5 
& IN 3 
‘ am 
'B 35 _ 1 45 
eed fi 
“75 25 5 125 - 
TEMPERATURE - °C « 


Vm 1 Vm2 
TEMP 


PROPAGATION DELAY VERSUS 
_ CAPACITANCE 


C, ~ CAPCITANCE - pF - 


TYPICAL TURN-OFF DELAY (tpa+) 
VERSUS TEMPERATURE 


TEMPERATURE ~°C 
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INTEGRATED CIRCUITS 


| FIG.5 
RING CIRCUIT FOR MEASURING 
AVERAGE PROPOGATION DELAY 


: le Tee ihe 


lig 
C) =30pF 
C2 = 5pF 


Diodes are FD600 


(INCLUDES JIG & PROBE 
CAPACITANCE) 


PROPAGATION DELAY VERSUS 
CAPACITANCE 
AT —55°C 


100 Fcc = 5.0V 
SEE Fig. 4 


s Ss 
Peles! 
ae 

Ties 
TeeeeEe 
hed 
oll 
Ea 


en 


ta A002 < RS 4k 
Poi eal ee te 
20 4 60 80 


Cy - CAPACITANCE - pF 


- PROPAGATION DELAY TIME - ns 


& 


eee 
Palpsct el llc tte 


CAN 
ie ea 


th 


8 


MAXIMUM PROPAGATION DELAY 
VERSUS TEMPERATURE 


REFER TO FIG. 5 
FOR CIRCUIT 


180 


tod PROPAGATION DELAY TIME - ns 
3. 
UA 


TEMPERATURE - °C 
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DTuL 9941 + DTuL 9951 
MONOSTABLE MULTIVIBRATORS 


DIODE-TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS (TEMPERATURE RANGE: -55°C to 125°C) 
A FAIRCHILD COMPATIBLE CURRENT SINKING LOGIC PRODUCT 


GENERAL DESCRIPTION — The DTyL 9941 and DTyL 9951 Monostable Multivibrators are monolithic silicon epitaxial integrated circuits for use with Fairchild Diode- 
Transistor Micrologic: Integrated Circuits or any other similar DTL logic elements. They provide complementary output pulses which are typically 150 ns_ wide. This 
pulse width is adjustable by the addition of external discrete passive components. 


Both elements are compatible with the Fairchild DT ul Family over the full military temperature range of —55°C to +125°C and witha Vcc supply of 4.0 volts to 
6.0 volts. They can also drive and be driven by Fairchild uL® Integrated Circuit . | 


The output pulse width is very stable as either Vcc or temperature (or both) is varied when an external timing resistor is used instead of the internal diffused — 
resistor. | 


The DTwL 9941 has the same circuit as the DIuL 9951 with the addition of three series diodes from the extender pin (Pin 2) to ground. These diodes give the DT uL 
9941 a DC threshold of about 1.5V which gives the circuit a greater than 2.0V noise immunity. } 


TYPICAL DUAL IN-LINE PACKAGE 
(In accordance with JEDEC TO—116) 


a 


-200 MAX. 
[~—.350 max.—=+—NoTE1 | 
.020 MIN. 
125 TYP. 
090 
ne ——___ 
t 785 
MAX. 


NOTE 2 
[200] 
MAX. 
NOTES: 


1. Leads are intended for insertion tn hol ws on 300" centers. They are 
purposely shipped with ‘positive’ (.350) misalignment to facilitate insertion. 


PHYSICAL DIMENSIONS 
(In accordance with JEDEC TO—100) 


.370 
.335 


TYPICAL FLAT PACKAGE CONNECTION DIAGRAM 


TOP VIEW 


10 Leang—” ite 
Ol? BIAS AAI 500 MIN. 


.115 TP 


«.1875->4«— .26 MAX—>L~.1875->| 


NOTES: All dimensions in inches 
Leads are gold-plated Kovar 
Package weight is 1.02 grams 


2. Board-driliing dimensions should equal your practice for a conventional 020 
inch diameter lead. 


ABSOLUTE MAXIMUM RATINGS (above which useful life may be impaired) 


Supply Voltage Vcc) —55°C to +125°C, continuous: + 8.0 Volts 
Supply Voltage (Vcc), pulsed, <<1 second: +12 Volts { 
Output Current, into outputs 50 mA | 
Current into Pin 10 — 5.0 mA 
Input Forward Current —10mA 
Input Reverse Current | 1.0 mA 
Operating Temperature | , —55°C to +125°C 
Storage Temperature —65°C to +150°C | 


[ote ae od 


DTpl9941 only 


"Fairchild Patent Pending 


SEMICONDUCTOR 
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Test 
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TEST SEQUENCE 


CERPAK Pin no.: 5 1 2 


TO-100 Pin no.: 7 8 
Ve 
Note 2 
GND 
Note 2 — GND 
lot 
GND 
lon GND 
toa Pin 1 
tsa Pin 6 


Pulse width Pin.1 (DTuL9951) 


FORCING FUNCTIONS 


See Test Circuit, page 3 
See Test Circuit, page 3 


See Test Circuit, page 3 


3 4 6 7 9 10 I 1  Notel 
9 - 10 1 2. 3 4 6 Sense 
GND a L 

V. Vp GND Veen F 
Ve Ve GND We L 
GND Vv: Vecu hi 

Ve GND Vics L 
Vp GND ay ls 

GND GND Vises Vi 

GND Veet Veer Vi 

Io GND Veer Veer Ve 

GND. Veg, Veer Vi 

loy GND GND Vici Vi 

GND Voc, GND Ves I, 

GND GND GND Vpp Veo ve 
GND GND “GND re is 
GND Vocy _ V. 


perce I RN AN RAR AR GN 


Pulse width Pin 6 (DTuL9951) 


See Test Circuit, page 3 


Pulse width Pin 1 (DTuL9941) 
Pulse width Pin.6 (DTuL9941) 


TABLE OF FORCING CONDITIONS 


| Volts 
‘Volts 
Volts 


Volts 
Volts 
Volts 
mA 
mA 


0.0 
15.0 
—.18 


PURCHASING INFORMATION | | 
To order the elements specify U3IXXX51X for Flat Package, USFXXXX51X for TO-100 and U6AXXXX51X for Dual-In-Line package ( TO-116 ) where XXXX is the 
| four-digit number denoting the specific element desired. 


V2,4(9951) Volts 
V2, (9941) Volts 
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TABLE OF TEST LIMITS 


Limits 
Min. Max. 
5 Ip 
Ole 2 I, 
5 Ip 21, 
Ie 
IR 
a 
Vor 
Vor 
Vor 
Vou | 
Vou 
lox lox 
lop 
IMAX 
Vay Voy 
50 ns 
50 ns 
90 220 ns 
70 160 ns 
90 330ns 
70 # 270ns 


| FAIRCHILD DTuL INTEGRATED CIRCUITS 99419951 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


Vec 
©) 


3002 > Rr 


Vie | 
Wi a 5.0V | 
\/ ©. 1 [+ Pulse ais 
se = Lb OUTPUT PIN 6 : ee TT 
cco mC) me | | | 1 90% 
pO. 300Q > Rt | ) | FF teat 10% to 90% 
» PULSE GENERATOR | | | pelea aia 
Site] ean cca | 
L PULSE HEIGHT = 2.0V SS ee __N\ 30% 
I PULSE WIDTH = 200ns OUTPUT PIN 1 ai 1Isv—_K TT | 
\/ O FREQUENCY = 1.0MHz { 
I GND GND CAPACITANCE INCLUDES PROBE AND JIG l 1o% | 
GND ALL DIODES FD100 aa = tise «10% to 90% 
| TIMING CHARACTERISTICS 
- (Test circuit above is used with appropriate modifications where necessary) 

OUTPUT PULSE WIDTH VERSUS | NORMALIZED OUTPUT PULSE ; —— 
EXTERNAL TIMING WIDTH VERSUS SUPPLY NORMALIZED OUTPUT PULSE 
CAPACITANCE C, | _ VOLTAGE WIDTH VERSUS TEMPERATURE 

1.2 1.2 | 
ec * 5.0V * Vo = = ttt a: aa ape ek ts 
A We Ke Ya E =r (ea Saray 
CHa) Bs “CCC 
Baie Anis 2 = (7p 
= aS aR (EE 9 ae”. TTS a 5 5 rene 
ys ee es a a es Se = 1. 1.0 — 
2 (ea Sea 2 a a 5 3 rae Peake eae hd 
: ee ae 8 5 Scu2ceRuan 
“CmeOZTICC |g s 
A ots woe ttt : a ee ee 
LSE WIDTH 
EM? BH TL eee eeeeae SSR SaEReNe 
0 1 


0.8 
of ~ 4.0 5.0 6.0 -60 60 80 100 120 14 
Cy - a TIMING ae pF Vec ~ SUPPLY VOLTAGE - VOLTS ecu ss 


NORMALIZED OUTPUT PULSE | 

WIDTH VERSUS TEMPERATURE | | | 
USING EXTERNAL TIMING TYPICAL POWER DISSIPATION | SWITCHING TIMES VERSUS 
| RESISTOR R, | VERSUS TEMPERATURE TEMPERATURE 


cee aeeeees 
‘ERERREREES 


60 8 100 120 14 -00 -0 -20 0 20 © 6 8 100 12 14 
pee cer °¢ TEMPERATURE - °C TEMPERATURE - °C 


POWER DISSIPATION - mW 


Vo" Vig" Voc 
Vz, V4" Vs 70 


NORMALIZED OUTPUT PULSE WIDTH 
S 
PROPAGATION DELAY TIME - ns 


0.9 
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RULES FOR USE OF DTuL 9941 AND DTuL 9951 


1. With Pin 9 connected to V.c and no external capacitor (C,), 
the output pulse width is approximately 150 ns. 


2. With Pin 9 connected to V.c and an external capacitor (C,) 
connected between Pins 10 and 11, the output pulse width (1) 
is: T= 4.5 (C, + 20) with C, in pF and T in ns. : 


3. For improved pulse width control, Pin 9 is left open and a stable 
external resistor (R,) of 9 kQ minimum to 15 kQ maximum is 
connected from Pin 10 to Vac. The output pulse width is given 
by the expression: T ~ 0.5R, (C, + 20) with R, in kQ, C, in pF 
and T in ns. 


4. The output duty cycle (pulse width/period) should not exceed 
40%. It may be increased to 50% by adding a 2 kQ resistor 
between Pin 11 and V.c. Higher duty cycles are obtainable but 
the output pulse width and performance are less predictable. 


5. The maximum input fall time to trigger: 25 ns for a 1.0 volt . 


swing; 50 ns for a 2.0 volt swing; 100 ns for a 4.0 volt swing. 


6. The minimum pulse width at output Pin 1 is approximately 
100 ns. This pulse width may be decreased to 50 ns. by con- 
necting a 10 k® resistor between Pin 5 and Voc. 


USE OF DTuL 9941 AND DTuLl 9951 
WITH MICROLOGIC° INTEGRATED CIRCUITS 


The DTuL 9951 may be operated from a Vac supply of 4.0 to 6.6 
volts. Operation is essentially independent of output resistive and 
capacitive loading. The input triggering action is initiated by a 
negative-going input with an amplitude change of 1.0 volt or more. 
The DIuL 9941 requires the input to g0 at least one volt below its 
1.5 V threshold. 


RTuL and Low Power RTuwl outputs can drive the DI ul 9941 and DTulL © 


9951 inputs, provided the output swing is greater than 1.0 volt. 
Either of the outputs of the DTul 9941 and DTul 9951 can drive 
RTuL and Low Power RTuwL inputs. Fan-out from the DTywl 9941 and 
DTuL 9951 is 4 RTul unit loads and 1 Low Power RTuL unit load, for 
the DIL 9941 and DTyl 9951 Voc = 4.0 volts. Use of a resistor 
of 5002 to 1kQ from the DIul 9941 and DTyuL 9951 output to 
Vec will increase fan-out into Low Power RTul, or RTuL. 


INPUT-OUTPUT LOAD FACTORS TO DTuL FAMILY 


Each DTwL 9941 and DTuL 9951 input should be rated at 2 loads. 


Fach DTuL 9941 and DTuL 9951 output may drive 10 DTwL loads. 


For input-output load factors of other DTuL elements, please refer 
to the DTuL Composite Data Sheet and to the individual DTuL ele- 
ment Speciticanions: 
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SEMICONDUCTOR 
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TO-100 TYPE CONNECTION DIAGRAM (Top View) 


6(Note 1) 
Voc 
NOTES: 
(1) The Vcc supply pin is not the tabbed pin on the 
DTuLl 9951. 


(2) Connect to Vcc when R external is not used. 


All data in this specification refers to 14-pin Cerpak pin 
numbers except this outline and the 10-pin reference 
numbers in the test sequence on Page 2. 


STABLE MULTIVIBRATOR 


Vcc Voc 
: C) 
10k + 1% 10k + 1% 


Push to start 
> 


1 _— _ (20+Cx) 
foscillation - ' = 100 MICROSECONDS 


C, IN PICOFARADS 


OUTPUT oe ee oe a 


VARIABLE DELAY PULSE GENERATION 


Vcc Vec 
e 


OUTPUT 


OUTPUT eet L_ 


\—T2—| 


OUTPUT ara sa) (NE ae aoan 


Explanation 


¢ F = ¢ 
The input 9951 determines Ti, the time before the initiation of the output pulse. 
‘The second or output 9951 determines Tz, the output pulse width. 


.With R2 = 10 kQ and Ri a 5 kQ potentiometer, T: is variable over a range of 2 to 3 
and is given by T: ~ 0.5 (Ri + Rz2) (Ci: + 20 pF). 


Similarly, with R= 10 kQ and R3 a 5 kQ potentiometer, T2 is ~ 0.5 (R3 + Ra) 
(C2 + 20 pF) and Tz can be controlled by the potentiometer over a range of 2 to 3 
since 10 kQ < (R3 + Ra) < 15 kQ. 


_ A much greater range in T: and T2 is available by varying C: and Cz. 
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COMPATIBLE CURRENT SINKING LOGIC COMING SOON 


Type 


Function 

4600/4700 TTuwL Micromatrix™ Array : 

4610 Dual Two-Variable Function Generator 

TT uL9014 Quad Exclus:ve OR Gate 

MSI9306 BCD Up/Down Counter 

MS1I9308 Dual 4-Bit Latch 

MS19310 Decade Counter 

MSI9311 1-of-16 Decoder 

MSI9315 One of Ten Decoder /Driver 

MSI9316 Hexidecimal Counter 

MS19317 7-Segment Decoder/Driver 
-MS19326 Up/Down Binary Counter 

CCSL9644 


High Current/High Voltage Driver 


4600/4700 — TTL MICROMATRIX™ ARRAY | 
The 4600 is a TT ul Micromatrix array consisting of six cells arranged 


in a 3 x 2 matrix. The cell is made up of two internal and two - 


external gates. Each gate has two 4-way AND’s OR’d. together and 
inverted (AOI). The array equivalence is 48 gates. 


The 4600 (chip size—105x115) is a monolithic CCSL device. The 


entire 4600 array (device) is capable of custom interconnection be- 


tween cells and portions of cells to produce any logic function in any. 


digital logic system. The interconnection, achieved with computer- 


aided design, is accomplished by using two layers of metallization 


separated by a dielectric film —the key to LSI. 

The 4700 is Fairchild’s largest, most complex Micromatrix array. It 
has twice the gate count of the 4600. 

The 4700, a TT uL Micromatrix array, consists of 12 cells arranged in 
a 3x4 matrix. The cell is made up of two internal and two external 
gates. Each gate has two 4- -way AND’s OR’d together and inverted 
(AOI). The array equivalence is 96 gates. 

The 4700 (chip size — 145x145) is a monolithic CCSL iauiee The 
entire 4700 array (device) is capable of custom interconnection be- 
tween cells and portions of cells to produce any logic function in any 
digital logic system. The interconnection, achieved with computer- 
aided design, is accomplished by using two layers ‘of metallization 
separated by a dielectric film — the key to LSI. 

The primary ‘application for the 4600/4700 is in circuits used to inter- 
connect basic system building blocks. These arfays are also used as 
fundamental building blocks; i.e., standard products. The arrays can 
be packaged in 16, 24, 36, or 50 pin DIP or Flatpak. 


To assist evaluation and full exploitation of the interconnection pos- 
sibilities of the 4600/4700 array, a Spaniel design kit is available 
from all Fairchild distributors. 


4600/4700 - 


V, Cell 


X=30r5_ 


INTERNAL GATE . 


X=1or7 


EXTERNAL GATE 
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Type Function 


Radiation Resistant Devices 


9702 TTL Gate, Quad 2-Input 
9703 TTL Gate, Triple 3-Input 
9704 TTL Gate, Dual 4-Input 
9705 TTL Gate, Dual Exclusive OR 
9706 ‘TTL Extender, Dual 4-Input 
9707 TTL Gate, Single 8-Input 
9709 TTL Buffer, Dual 4-Input 
9724 TTL Flip Flop, Single J-K 
9745 DTL Flip Flop, R-S Clocked 
9969 DTL Gate, Triple 3-Input 


4610 — DUAL TWO-VARIABLE FUNCTION GENERATOR 

The 4610 consists of two 2-variable function generators, implemented 
with the 4600 TTuL Micromatrix™ array. Each circuit, controlled by a 
four-bit control word, is capable of performing any possible Boolean 
function of two variables. | 

The output function is defined by the four control inputs and two 
variables. Outputs are available in active high or low states. The unit 
is useful for performing logic operations in digital machines, and for 
self-adapting digital systems. 

The 4610 will be available in a 16-pin Dual In-Line package: 


FEATURING: 

e Active Level Low or High Outputs 
2-Bit Expansion 
Member 4600 Micromatrix Array Family 
CCSL - Compatible , 
Two-Level! Metallization 


FUNCTION 
GENERATOR 


FUNCTION 


GENERATOR 


TTuL 9014 QUAD EXCLUSIVE OR GATE : 

9014 quad exclusive OR gate is a new member of the TTL family. 
It produces a high output level when the inputs are complementary. 
Two of the four exclusive OR gates have complementary outputs for 
greater system design flexibility. 

The 9014 will be available in hermetically sealed 16-pin Dual In-Line 
and Cerpak packages. 
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MS! 9306 BCD UP/DOWN COUNTER 

The 9306 is a presettable synchronous BCD Up/ Down Decade Counter 
which can.-be expanded to seven decades without external logic and 
with no degradation in speed over a single decade. 

Presetting is accomplished by synchronously entering,. in parallel, the 
desired data. Counting direction is controlled by a single input. Count- 
down ts enabled by a low input ¢ on the Cp terminal and count- -up by 
a high input. 

Six enable inputs are provided for terminal carry from all stages in 
the counter. These inputs may also be used to inhibit the count, 


The 9306 will be available in 24-pin Dual In- Line and flat packages. 


FEATURING: 

15 MHz Seven Decade Operation without External Circuitry 
e Synchronous Preset 

e Single Line Up/Down Control 

e Multifunction Capability 


COMPATIBLE CURRENT SINKING LOGIC COMING SOON 


UP/DN DECADE CTR. 
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MSI 9308 DUAL 4-BIT LATCH 

The 9308 consists of two 4-bit latch circuits which provide high speed 
4-bit parallel gated data storage. 

Each 4-bit latch circuit has. an active low two-input AND gate which 
enables the four data inputs. An overriding master reset is also pro- 
vided on each 4-bit latch circuit. 

The output circuit incorporates active ‘pull- ups for greater drive 
capability. 

By the use of the enable input, data can be euiaiei into any number 
of latches from a single bus. 

The 9308 will be available in 24-pin Dual In-Line and flat packages. 


FEATURING: 


e 25 nsec Latch Time 
Data Input Enable 
Master Reset 
Multifunctional Usage 


9308 4-BL2 
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MSI 9310 DECADE COUNTER 

The 9310 is a presettable synchronous BCD Decade Counter which 
can be expanded to six decades without external logic and with very 
little degradation in speed over a single decade. 7 

Presetting is accomplished by synchronously entering, in parallel, the 
desired data. Counting is enabled by HIGHS on the Cep and Cer termi- 
nals, which can accept terminal count information from previous 
decades, thus permitting multiple decades without external logic. 


The 9310 will be available in 16-pin Dual In-Line and flat packages. 


FEATURING: 


e 15 MHz Operation for n Decades 
e Synchronous Preset 

e Asynchronous Master Reset 

e Terminal Count Output 

e Count Enable Input 


9310 
DECADE CTR. 
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MSI 9311 1-OF-16 DECODER/DEMULTIPLEXER 


The 9311 is a multi-function decoder, designed to convert four digital 
inputs into one-of-16 mutually exclusive digital outputs. 

The active low outputs are enabled by LOWS on both inputs of the 
enable AND gate. This enabling feature makes the 9311 suitable for 
demultiplexing, memory, and control decoding applications. 


The 9311 will be available in 24-pin Dual In-Line and flat packages. 


FEATURING: 


e 20 nsec. Through Delay 
e Active Level High 

_@ Input Enable 
e Multifunction Capability 
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MSI 9315 ONE-OF-TEN DECODER/DRIVER 

The 9315 is a CCSL-compatible one-of-ten decoder/driver. The 9315 
accepts 8421 BCD code and produces ten mutually exclusive outputs 
which can directly drive nixie tubes. 

The 9315 is similar in operation to the 9960, but the 9315 can be 
driven from any MSI, TTuL, DTuLl, LPDuL circuit. 

The 9315 will be available in hermetically sealed 16- -pin Dual In- Line 
and Cerpak packages. 


A, 
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1-of-10 Decoder/Driver 


MS! 9316 HEXIDECIMAL COUNTER : 

The 9316 is a presettable synchronous binary hexidecimal counter 
which can be expanded to six stages without external logic and with 
very little degradation in speed over a single stage. | 

Presetting is accomplished by synchronously entering, in parallel, the . 
desired data. Counting is enabled by HIGHS on the Cep and Cer termi- 
nals, which can accept terminal count information from previous 
decades, thus permitting multiple stages without external logic. 

The 9316 will be available in 16-pin Dual In-Line and vet packages. 


FEATURING: 


15 MHz Operation for N Decades 
Synchronous Preset 
Asynchronous Master Reset 
Terminal Count Output 

Count Enable Input 


9316 
HEXIDEC. CTR. 


MSI 9317 7-SEGMENT DECODER/DRIVER 

The 9317 is a 7-segment decoder/driver designed to convert four 
inputs of 8421 BCD code into the appropriate output, which will 
directly drive a seven-segment numerical display. The outputs are 
active level low and can drive 25-volt incandescent lamps directly. 
The 9317 has all the features of the 9307, including automatic 
ripple blanking for suppression of leading edge zeros, blanking input, 
lamp intensity, modulation, lamp test facility, and CCSL compati- 
bility. . 

The 9317 will be available in hermetically sealed 16-pin Dual In-Line 
and Cerpak packages. 
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7S Decoder /Driver 


COMPATIBLE CURRENT SINKING LOGIC COMING SOON 


MSI 9326 UP/DOWN BINARY COUNTER 


The 9326 is a presettable synchronous hexidecimal up/down counter 
which can be expanded to eight decades without external logic and 
with no significant degradation in speed over one decade. 
Presetting is accomplished by synchronously entering, in parallel, the 
desired data. Counting direction is controlled by a single input. Count- 
down is enabled by a low input on the Cp terminal and count-up by a 
high input. 

Six enable inputs are provided for terminal carry from all stages in 
the counter. These inputs may also be used to inhibit the count. 
The 9326 will be available in 24-pin Dual In-Line and flat packages. 


CCSL 9644 — HIGH-CURRENT/HIGH-VOLTAGE DRIVER 

The 9644 is a high current driver with CCSL-compatible inputs. The 
driver operates from CCSL power supply and has an uncommitted 
collector that will sink 500 mA and hold off 30 volts. 

The 9644 is ideal for driving high current peripheral equipment such 
as lamps, relays, line printers, etc. 

The 9644 will be available in the hermetically sealed 16-lead Dual 
In-Line package. 


RADIATION-RESISTANT CCSL COMING SOON 


RR CCSL 


1. Fairchild will release a radiation resistant CCSL product series 
during 1968. The devices will incorporate state of the out dielec- 
tric isolation construction in conjunction with thin film resistor 
technologies. The particular RR CCSL products selected will have 
identical electrical specifications and flatpak pin assignments as 
their junction isolated counterparts. | 


2. Those devices to be available are as follows: 


- CCSL 
RR CCSL . FUNCTION EQUIVALENT 

9969 DTL gate, Triple 3 input 9962 
9745 DTL flip flop, R-S clocked 9945 
9702 TIL gate, Quad 2 input 9002 
9724* TTL flip flop, Single J-K 9024 
9704 TTL gate, Dual 4 input | 9004 
9703 TTL gate, Triple 3 input 9003 
9709 TTL buffer, Dual 4 input 9009 
9707 TIL gate, Single 8 input ~ 9007 
9705 | TTL gate, Dual Exclusive OR 9005 
9706 TTL extender, Dual 4 input 9006 


* Note that the 9724 incorporates 9001 pin assignments. 
3. For ready review, the logic diagrams are as follows: 


no fm NO eH 


on BR ie 


Voc = PIN 14 GND = PIN] 


9709 


Veo = PIN 14 GND = PIN7 Yoo == PIN 14 GND = PIN7 


9705 9706 


APPLICATIONS (continued) 5s 
INPUT “AND” EXPANSION 
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Z= ABCD + EFG JKLMNPQR 
Standard TTuk gates may be used for. expansion: of ““AND’’ inputs. 
*Provision for ‘‘AND’’ expansion is made:.on the micromatrix 


array thru ‘‘selective bar’’ options. a eee 
| = Z = [ABCD + EFGH] ¢ [JKLM + NPQR] 
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GENERAL PURPOSE MASTER-SLAVE FLIP-FLOP 
| USING FOUR 4601 
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For J-K operation, connect as shown in dotted lines. The outputs change on the high to low clock transition. 


Fig. 5 
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